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(57)Abstract: 

PROBLEM TO BE SOLVED: To make recordable 
and reproducible a large capacity of data by 
performing multiple recording while restraining the 
lowering of diffraction efficiency as much as possible. 
SOLUTION: Plural holograms are multiply recorded 
on a 1st hologram recording medium 8 by using the 
same reference light while changing the incident 
angle of object light every time one hologram is 
recorded, and a plurality of holograms multiply 
recorded on the medium 8 are reproduced all 
together. By setting the reproducing light as the 
object light, the multiply recorded hologram 
constituted by superposing plural holograms as one 
hologram is multiply recorded on a 2nd recording 
medium 18 by using different reference light. Then, a desired multiply recorded hologram 
is selectively reproduced from among a plurality of multiply recorded holograms multiply 
recorded on the medium 18. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st record means which carries out multiplex record of the hologram of two or more 
sheets at the 1st hologram record medium using the same reference beam while changing whenever 
[ incident angle / of body light ], whenever it records the hologram of one sheet, The 1st playback 
means which bundles up the hologram of two or more sheets by which multiplex record was carried 
out with the record means of the above 1st at the hologram record medium of the above 1st, and is 
reproduced, Playback light of the hologram of two or more sheets which bundled up with the 
playback means of the above 1st and was reproduced is made into body light. The 2nd record means 
which carries out two or more sheet multiplex record at the 2nd record medium using a reference 
beam which is different in the multiplex record hologram which the hologram of two or more above- 
mentioned sheets piles up, and it comes to make into one hologram, The hologram record 
regenerative apparatus characterized by having the 2nd playback means which reproduces a desired 
multiplex record hologram selectively among the multiplex record holograms of two or more sheets 
by which multiplex record was carried out with the record means of the above 2nd at the hologram 
record medium of the above 2nd. 

[Claim 2] The hologram record regenerative apparatus according to claim 1 characterized by having 
a hologram extract means to extract a desired hologram among the holograms of two or more sheets 
which constitute the multiplex record hologram reproduced by the playback means of the above 2nd. 

[Claim 3] The above-mentioned hologram extract means is a hologram record regenerative apparatus 
according to claim 2 characterized by extracting a desired hologram by filtering the playback light of 
the multiplex record hologram reproduced by the playback means of the above 2nd on the fourier 
side of an image using spatial opening. 

[Claim 4] The above-mentioned hologram extract means is a hologram record regenerative apparatus 
according to claim 2 characterized by extracting a desired hologram by penetrating or reflecting 
selectively the playback light of the multiplex record hologram reproduced by the playback means of 
the above 2nd by the component which has angular dependence. 

[Claim 5] The hologram record regenerative apparatus according to claim 1 characterized by using a 
hologram record ingredient recordable only at once as a hologram record medium of the above 2nd 
using a hologram record ingredient rewritable as a hologram record medium of the above 1st. 
[Claim 6] The record means of the above 1st is equipped with the micro-lens array which comes to 
arrange two or more micro lenses corresponding to each pixel of a space optical modulator and this 
space optical modulator. The spot in the focal plane of each above-mentioned micro lens is made to 
separate by changing the incident angle of the light which carries out incidence to the above- 
mentioned space optical modulator. One image displayed on the above-mentioned space optical 
modulator is divided into two or more images, and multiplex record is carried out as a hologram of 
two or more sheets at the 1st record medium of the above. The playback means of the above 2nd The 
hologram record regenerative apparatus according to claim 1 characterized by reproducing the 
multiplex record hologram which the hologram of two or more sheets by which one image displayed 
on the above-mentioned space optical modulator was divided piles up, and it comes to unite. 
[Claim 7] The hologram record regenerative apparatus according to claim 6 characterized by having 
a display means to display the multiplex record hologram reproduced by the playback means of the 
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above 2nd as one image. 

[Claim 8] The hologram record regenerative apparatus according to claim 6 characterized by having 
a hologram extract means to extract a desired hologram among the holograms of two or more sheets 
which constitute the multiplex record hologram reproduced by the playback means of the above 2nd. 

[Claim 9] The 1st step which carries out multiplex record of the hologram of two or more sheets at 
the 1st hologram record medium using the same reference beam while changing whenever [ incident 
angle / of body light ], whenever it records the hologram of one sheet, The 2nd step which bundles 
up the hologram of two or more sheets by which multiplex record was carried out to the hologram 
record medium of the above 1st, and is reproduced to it in the 1st step of the above, Playback light of 
the hologram of two or more sheets collectively reproduced in the 2nd step of the above is made into 
body light. The 3rd step which carries out two or more sheet multiplex record at the 2nd record 
medium using a reference beam which is different in the multiplex record hologram which the 
hologram of two or more above-mentioned sheets piles up, and it comes to make into one hologram, 
The hologram record playback approach characterized by passing through the 4th step which 
reproduces a desired multiplex record hologram selectively to the hologram record medium of the 
above 2nd among the multiplex record holograms of two or more sheets by which multiplex record 
was carried out in the 3rd step of the above. 

[Claim 10] The hologram record playback approach according to claim 9 characterized by passing 

through the 5th step which extracts a desired hologram among the holograms of two or more sheets 

which constitute the multiplex record hologram reproduced in the 4th step of the above. 

[Claim 1 1] The 5th step of the above is the hologram record playback approach according to claim 

10 characterized by extracting a desired hologram by filtering the playback light of the multiplex 

record hologram reproduced in the 4th step of the above on the fourier side of an image using spatial 

opening. 

[Claim 12] The 5th step of the above is the hologram record playback approach according to claim 
10 characterized by extracting a desired hologram by penetrating or reflecting selectively the 
playback light of the multiplex record hologram reproduced in the 4th step of the above by the 
component which has angular dependence. 

[Claim 13] The hologram record playback approach according to claim 9 characterized by using a 
hologram record ingredient recordable only at once as a hologram record medium of the above 2nd 
using a hologram record ingredient rewritable as a hologram record medium of the above 1st. 
[Claim 14] In the 1st step of the above, the micro-lens array which comes to arrange two or more 
micro lenses corresponding to each pixel of a space optical modulator and this space optical 
modulator is used. The spot in the focal plane of each above-mentioned micro lens is made to 
separate by changing the incident angle of the light which carries out incidence to the above- 
mentioned space optical modulator. Divide into two or more images one image displayed on the 
above-mentioned space optical modulator, carry out multiplex record as a hologram of two or more 
sheets at the 1st record medium of the above, and it sets to the 4th step of the above. The hologram 
record playback approach according to claim 9 characterized by reproducing the multiplex record 
hologram which the hologram of two or more sheets by which one image displayed on the above- 
mentioned space optical modulator was divided piles up, and it comes to unite. 
[Claim 15] The hologram record playback approach according to claim 14 characterized by 
displaying the multiplex record hologram reproduced in the 4th step of the above as one image. 
[Claim 16] The hologram record playback approach according to claim 14 characterized by passing 
through the 5th step which extracts a desired hologram among the holograms of two or more sheets 
which constitute the multiplex record hologram reproduced in the 4th step of the above. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hologram record regenerative apparatus and the 
hologram record playback approach of reproducing the data which recorded data on the hologram 
record medium using the cross protection of body;light and a reference beam, or were recorded on 
the hologram record medium. 
[0002] 

[Description of the Prior Art] By making the body light conventionally modulated according to the 
data which should be recorded, and a reference beam interfere in the hologram record medium which 
discovers a big photorefractive effect The hologram play back system which reproduces the data 
recorded on this hologram record medium is proposed by reading to the hologram record medium 
with which data were recorded on this hologram record medium as an interference fringe, and data 
were recorded by the same angle of incidence as a reference beam, and carrying out incidence of the 
light. 

[0003] In this hologram play back system, since the light modulated according to the data for one 
image displayed on this space optical modulator by penetrating space optical modulators, such as a 
liquid crystal display panel (LCD), for example carries out incidence into a hologram record medium 
as a body light, the data for one image will be recorded on a hologram record medium at once as one 
hologram. And it will be reproduced in the hologram unit which contains the data for this one image 
at the time of playback. Therefore, even if it compares this hologram play back system with the play 
back system using the optical disk whose rapid access is made possible for example comparatively 
as a record medium, it has the description that a more nearly high-speed data access is possible. 
[0004] Moreover, in this hologram play back system, the so-called multiplex record which records 
many holograms on one hologram record medium in piles is possible by, for example, changing the 
incident angle of a reference beam, whenever it records one hologram etc. Therefore, this hologram 
play back system has the description that data are dramatically recordable on high density. 
[0005] From the above point, the hologram play back system attracts attention as a play back system 
to which the improvement in recording density and the improvement in the speed of a data access 
which are demanded with development of an information industry in recent years are satisfied. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, in this hologram play back system, the 
multiplex record which realizes high density record is restricted by decline in the diffraction 
efficiency produced by elimination at the time of record or playback. That is, when performing 
multiplex record, in case the hologram previously recorded on the hologram record medium records 
a next hologram, in response to elimination, diffraction efficiency falls somewhat. Moreover, as for 
each hologram recorded on the hologram record medium by multiplex record, diffraction efficiency 
falls somewhat also by exposure at the time of playback. In addition, decline in diffraction efficiency 
with time arises by diffusion of the electron according to the dark current also in the long run. 
[0007] As mentioned above, when, as for each hologram by which multiplex record was carried out, 
diffraction efficiency falls to a hologram record medium by elimination etc., the S/N ratio at the time 
of playback will fall gradually. 

[0008] Diffraction-efficiency etawritw at the time of record of each hologram recorded on a 
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hologram record medium (t) is given by the degree type (1). 
[0009] 

etawritw (t) =eta0- (1-e-alpha It) ... (1) 

Here, the time amount to which the time constant at the time of record and I set the time of record as 
the optical reinforcement of a spatial average, and t set alpha to 0, and eta 0 are saturation diffraction 
efficiency. 

[0010] Moreover, when reproducing each hologram by which multiplex record was carried out, 
diffraction-efficiency etaread in the case of eliminating the hologram recorded previously by the 
optical exposure at the time of recording a next hologram (t) is given by the degree type (2). 
[0011] 

etaread(t) =etal and e-alpha'It ... (2) 

here — alpha — 1 — as for the time constant at the time of playback (or elimination), and I, average 
optical reinforcement and eta 1 are initial diffraction efficiency. 

[0012] From the above formula, playback shows that the diffraction efficiency of each hologram 
recorded on the hologram record medium falls exponentially ("photorefractive non- linear optics" 
P.YEH work, Maruzen ***♦**). if multiplex record is carried out at this time so that the diffraction 
efficiency of all holograms may become equal, it is known that the final diffraction efficiency of 
each hologram is in inverse proportion to the square of record number of sheets ("System metric for 
holographic memory system", Fai H.Mok, Geoffrey W.Burr and Demetri Psaltis, OpticsLetters, 21, 
pp.896, 1996 reference). 

[0013] For example, when the hologram of 1000 sheets is recorded by equal reinforcement, the 
diffraction efficiency of each hologram falls about to ten to six compared with the case where the 
hologram of one sheet is recorded. 

[0014] As mentioned above, when diffraction efficiency falls, the S/N ratio at the time of playback 
will fall. And if lowering of the S/N ratio at the time of playback is large, a signal component will be 
buried in a noise and will become unreproducible. Therefore, in order to secure refreshable 
diffraction efficiency, the number of sheets of the hologram recorded on a hologram record medium 
needed to be restricted, and this had become the factor which restricts the storage capacity of the data 
recorded on a hologram record medium. 

[0015] Therefore, in the hologram play back system, to raise the storage capacity of data is set to one 
of the technical problems for pulling out the focus of this method to the maximum extent, and 
generally spreading this method widely by suppressing decline in diffraction efficiency as much as 
possible, and performing multiplex record. 

[0016] As a means to suppress decline in diffraction efficiency as much as possible, and to perform 
multiplex record The hologram by which multiplex record was carried out is considered as a master. 
Furthermore, the hologram the method of carrying out multiplex record is proposed by another 
hologram (Mark Armstrong [ Johnson and ] "Multiple multiple-exposure hologram" and Kristina M. 
— ) Lambertus Hesselink, and Joseph W.Goodman, Applied Optics, 24, pp.4467-4472, 1985 
reference. 

[0017] This approach is explained below. First, the hologram of m sheets is recorded on the 1st 
hologram record medium using a common reference beam. And the hologram of m sheets recorded 
on this 1st hologram record medium is reproduced collectively, and it records on the 2nd hologram 
record medium by making that playback light into body light. Next, the hologram of m sheets is 
again recorded on the 1st hologram record medium, and copy record of this is carried out using the 
same reference beam as the time of recording the first hologram of m sheets on the 2nd hologram 
record medium. The above procedure is wound n times and returned. Consequently, multiplex record 
of the hologram of ** (nxm) will be carried out at the 2nd hologram record medium. 
[0018] If this hologram is reproduced, since the hologram of ** will be put [ it piles it up and ] 
together and reproduced simultaneously (nxm), the image of a layer (nxm) can be piled up and it can 
display simultaneously. If a solid fault is recorded using this approach, the whole stereo can be 
displayed in three dimensions. 

[0019] The diffraction efficiency at this time can be increased m times compared with the case where 
it records to the usual recording schedule. That is, if the hologram of m sheets is recorded on the 1st 
hologram record medium, the diffraction efficiency of each hologram will be set to l/m2. However, 
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since this hologram of m sheets is recorded as a hologram of one sheet at the time of the copy to the 
2nd hologram record medium, total of the diffraction efficiency of the hologram of m sheets is set to 
l/n2. Therefore, when all of the hologram of m sheets reproduce equal diffraction efficiency, then 
the second equal hologram, the diffraction efficiency per hologram of one sheet is oneof them m, and 
the final diffraction efficiency per sheet is l/(mxn2). On the other hand, the diffraction efficiency at 
the time of carrying out multiplex record of the hologram of** (nxm) to the usual recording 
schedule is l/(m2xn2). Therefore, it turns out by copying a hologram by the above approach that 
diffraction efficiency increased m times. 

[0020] However, since this approach is proposed for the purpose of piling up a cross section and 
displaying a solid image, bundles up the hologram by which multiplex record was carried out to the 
1st hologram record medium and reproduced to it as mentioned above In case each hologram is 
recorded on the 1st hologram record medium, the common reference beam is used, after all the 
holograms have piled up at the time of playback, it is reproduced simultaneously, and one-sheet the 
hologram of one sheet cannot be separated. Therefore, the application of those other than a special 
application which was mentioned above is difficult for this approach, and it has come to solve the 
above-mentioned technical problem intrinsically. 

[0021] Then, this invention performs multiplex record, suppressing decline in diffraction efficiency 
as much as possible, and aims at offering the hologram record regenerative apparatus and the 
hologram record playback approach of enabling record playback of mass data. 
[0022] 

[Means for Solving the Problem] In order that the hologram record regenerative apparatus 
concerning this invention may solve the above-mentioned technical problem The 1st record means 
which carries out multiplex record of the hologram of two or more sheets at the 1st hologram record 
medium using the same reference beam while changing whenever [ incident angle / of body light ], 
whenever it records the hologram of one sheet, The 1st playback means which bundles up the 
hologram of two or more sheets by which multiplex record was carried out with this 1st record 
means at the 1st hologram record medium, and is reproduced, Playback light of the hologram of two 
or more sheets which bundled up with this 1st playback means and was reproduced is made into 
body light. The 2nd record means which carries out two or more sheet multiplex record at the 2nd 
record medium using a reference beam which is different in the multiplex record hologram which the 
hologram of two or more above-mentioned sheets piles up, and it comes to make into one hologram, 
It has the 2nd playback means which reproduces a desired multiplex record hologram selectively 
among the multiplex record holograms of two or more sheets by which multiplex record was carried 
out with this 2nd record means at the 2nd hologram record medium. 

[0023] According to this hologram record regenerative apparatus, multiplex record of the hologram 
of two or more sheets is carried out by the 1st record means at the 1st record medium. At this time, 
each hologram is recorded on the 1st hologram record medium using the same reference beam, 
changing whenever [ incident angle / of body light ], respectively. 

[0024] The hologram of two or more sheets by which multiplex record was carried out with the 1st 
record means at the 1st hologram record medium is put in block with the 1st playback means, and is 
reproduced. That is, by reading to the 1 st hologram record medium by the same incident angle as the 
reference beam used when the 1 st record means recorded the hologram of two or more sheets on the 
1st hologram record medium, and carrying out incidence of the light, the 1st playback means bundles 
up the hologram of two or more sheets by which multiplex record was carried out to the 1st 
hologram record medium, and is reproduced to it. 

[0025] The hologram of two or more sheets which bundled up with the 1st playback means and was 
reproduced is made into the condition that each hologram piled up. And this hologram of two or 
more sheets will pile up, and the multiplex record hologram which it comes to make into one 
hologram will be again recorded on the 2nd hologram record medium by the 2nd record means. That 
is, the 2nd record means records this multiplex record hologram on the 2nd hologram record medium 
again, using the playback light of the hologram (multiplex record hologram) of two or more sheets 
which bundled up with the 1st playback means and was reproduced as a body light. And the 2nd 
record means carries out two or more sheet multiplex record of the multiplex record hologram at the 
2nd record medium using a different reference beam. 
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[0026] The multiplex record hologram of two or more sheets by which multiplex record was carried 
out with the 2nd record means at the 2nd hologram record medium is selectively reproduced by the 
2nd playback means. That is, the 2nd playback means reproduces a desired multiplex record 
hologram by choosing the incident angle of read-out light, when multiplex record of the multiplex 
record hologram of two or more sheets is carried out by include-angle multiplex at the 2nd hologram 
record medium. 

[0027] In addition, as for the hologram record regenerative apparatus concerning this invention, it is 
desirable to have a hologram extract means to extract a desired hologram among the holograms of 
two or more sheets which constitute the multiplex record hologram reproduced by the 2nd playback 
means. What extracts a desired hologram, and the thing which extract a desired hologram by 
penetrating or reflecting selectively the playback light of the multiplex record hologram reproduced 
by the 2nd playback means by the component which has angular dependence can consider by 
filtering the playback light of the multiplex record hologram reproduced by the 2nd playback means 
on the fourier side of an image using spatial opening as this hologram extract means, for example. 
[0028] Moreover, as for the hologram record regenerative apparatus concerning this invention, it is 
desirable to use a hologram record ingredient recordable only at once [, such as a photopolymer, ] as 
2nd hologram record medium as 1st hologram record medium using the rewritable hologram record 
ingredient of for example, a photorefractive crystal etc. 

[0029] Moreover, the hologram record regenerative apparatus concerning this invention The 1st 
record means is equipped with the micro-lens array which comes to arrange two or more micro 
lenses corresponding to each pixel of a space optical modulator and this space optical modulator. 
The spot in the focal plane of each micro lens is made to separate by changing the incident angle of 
the light which carries out incidence to a space optical modulator. Divide into two or more images 
one image displayed on the space optical modulator, and multiplex record is carried out as a 
hologram of two or more sheets at the 1st record medium. You may make it the 2nd playback means 
reproduce the multiplex record hologram which the hologram of two or more sheets by which one 
image displayed on the space optical modulator was divided piles up, and it comes to unite. 
[0030] In this case, the multiplex record hologram reproduced by the 2nd playback means is 
displayed as one image for example, by the display means. Or a desired hologram is extracted by the 
hologram extract means among the holograms of two or more sheets which constitute a multiplex 
record hologram. 

[0031] Moreover, the hologram record playback approach concerning this invention Changing 
whenever [ incident angle / of body light ], whenever it records the hologram of one sheet, in order 
to solve the above-mentioned technical problem The 1st step which carries out multiplex record of 
the hologram of two or more sheets at the 1st hologram record medium using the same reference 
beam, The 2nd step which bundles up the hologram of two or more sheets by which multiplex record 
was carried out to the 1st hologram record medium, and is reproduced to it in the 1st step, Playback 
light of the hologram of two or more sheets collectively reproduced in the 2nd step is made into body 
light. The 3rd step which carries out two or more sheet multiplex record at the 2nd record medium 
using a reference beam which is different in the multiplex record hologram which the hologram of 
two or more above-mentioned sheets piles up, and it comes to make into one hologram, In the 3rd 
step, it is characterized by passing through the 4th step which reproduces a desired multiplex record 
hologram selectively to the 2nd hologram record medium among the multiplex record holograms of 
two or more sheets by which multiplex record was carried out. 

[0032] According to this hologram record playback approach, in the 1st step, multiplex record of the 
hologram of two or more sheets is carried out at the 1st record medium. At this time, each hologram 
is recorded on the 1st hologram record medium using the same reference beam, changing whenever 
[ incident angle / of body light ], respectively. 

[0033] In the 1st step, the hologram of two or more sheets by which multiplex record was carried out 
is collectively reproduced by the 1st hologram record medium in the 2nd step. That is, at the 2nd 
step, by reading to the 1st hologram record medium by the same incident angle as the reference beam 
used when the hologram of two or more sheets was recorded on the 1st hologram record medium in 
the 1st step, and carrying out incidence of the light, the hologram of two or more sheets by which 
multiplex record was carried out is put in block to the 1st hologram record medium, and it 
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reproduces to it. 

[0034] The hologram of two or more sheets collectively reproduced in the 2nd step is made into the 
condition that each hologram piled up. And this hologram of two or more sheets will pile up, and the 
multiplex record hologram which it comes to make into one hologram will be again recorded on the 
2nd hologram record medium in the 3rd step. That is, at the 3rd step, this multiplex record hologram 
is again recorded on the 2nd hologram record medium, using the playback light of the hologram 
(multiplex record hologram) of two or more sheets which bundled up with the 1st playback means 
and was reproduced as a body light. And at the 3rd step, two or more sheet multiplex record of the 
multiplex record hologram is carried out at the 2nd record medium using a different reference beam. 
[0035] In the 3rd step, the multiplex record hologram of two or more sheets by which multiplex 
record was carried out is selectively reproduced by the 2nd hologram record medium in the 4th step. 
That is, at the 4th step, when multiplex record of the multiplex record hologram of two or more 
sheets is carried out by include-angle multiplex at the 2nd hologram record medium, a desired 
multiplex record hologram is reproduced by choosing the incident angle of read-out light, for 
example. 

[0036] In addition, as for the hologram record playback approach concerning this invention, it is 
desirable to pass through the 5th step which extracts a desired hologram among the holograms of two 
or more sheets which constitute the multiplex record hologram reproduced in the 4th step. It is 
possible to extract a desired hologram, to extract a desired hologram by penetrating or reflecting 
selectively the playback light of the multiplex record hologram reproduced by the 2nd playback 
means by the component which has angular dependence, etc. with this 5th step by, for example, 
filtering the playback light of the multiplex record hologram reproduced in the 4th step on the fourier 
side of an image using spatial opening. 

[0037] Moreover, as for the hologram record playback approach concerning this invention, it is 
desirable to use a hologram record ingredient recordable only at once [, such as a photopolymer, ] as 
2nd hologram record medium as 1st hologram record medium using the rewritable hologram record 
ingredient of for example, a photorefractive crystal etc. 

[0038] Moreover, the hologram record playback approach concerning this invention In the 1st step, 
the micro-lens array which comes to arrange two or more micro lenses corresponding to each pixel 
of a space optical modulator and this space optical modulator is used. The spot in the focal plane of 
each micro lens is made to separate by changing the incident angle of the light which carries out 
incidence to a space optical modulator. Divide into two or more images one image displayed on the 
space optical modulator, carry out multiplex record as a hologram of two or more sheets at the 1st 
record medium, and it sets to the 4th step. You may make it the hologram of two or more sheets by 
which one image displayed on the space optical modulator was divided reproduce the multiplex 
record hologram which it piles up and comes to unite. 

[0039] In this case, the multiplex record hologram reproduced in the 4th step is displayed as for 
example, one image. Or in the 5th step, a desired hologram is extracted among the holograms of two 
or more sheets which constitute a multiplex record hologram. 
[0040] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0041] The example of 1 configuration of the hologram record regenerative apparatus which applied 
this invention is shown in drawing 1 . The hologram record regenerative apparatus 1 shown in this 
drawing 1 is equipped with the light source 2 to which wavelength width of face carries out outgoing 
radiation of the sufficiently narrow high laser beam of coherence. On the optical path of the laser 
beam by which outgoing radiation is carried out from this light source 2, the collimator lens 3 which 
changes this laser beam into parallel light, and the 1st beam splitter 4 for branching the optical path 
of the laser beam changed into parallel light by this collimator lens 3 are arranged. The 1st beam 
splitter 4 branches the optical path of this laser beam by reflecting other parts and bending that 
optical path about 90 degrees, for example while penetrating a part of laser beam changed into 
parallel light by the collimator lens 3. 

[0042] It is reflected by the 1st beam splitter 4 and the 1st shutter 5 which switches ON/OFF of this 
laser beam, and the 1st beam deflector 6 which controls the travelling direction of this laser beam are 
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arranged on the optical path of the laser beam by which the optical path was bent. By deflecting the 
laser beam which carried out incidence by the predetermined deflection angle, and penetrating or 
reflecting it, the 1st beam deflector 6 controls the travelling direction of this laser beam, and consists 
of an acoustooptic deflector, an electrooptic deflector, a galvanomirror, etc. In addition, you may 
make it this 1st beam deflector 6 deflect a laser beam in the direction of a single dimension, and may 
make it deflect it in the direction of two dimension. 

[0043] On the optical path of the laser beam by which the travelling direction was controlled by this 
1st beam deflector 6, the space optical modulator 7 and the 1st hologram record medium 8 are 
arranged. And between the 1st beam deflector 6 and the space optical modulator 7, the lenses 9 and 
10 for projecting the outgoing radiation side of the 1st beam deflector 6 on the space optical 
modulator 7 are arranged. In addition, the case where the outgoing radiation side of the 1 st beam 
deflector 6 is projected on the space optical modulator 7 by actual size is considered, both the focal 
distances of a lens 9 and a lens 10 are set to F, the 1st beam deflector 7 is arranged on the focal plane 
of a lens 9, and he arranges the space optical modulator 7 on the focal plane of a lens 10, and is 
trying to set spacing of a lens 9 and a lens 10 to 2F in the example shown in drawing 1 . 
[0044] Here, since the product of the incident light to each side and an angle of incidence is more 
fixed than the relation of RAGURANJIE helmholtz, if a beam of light is expanded, the deflection 
angle of a beam will be reduced. Conversely, a beam diameter must be reduced if it is going to 
enlarge the deflection angle of a beam. Therefore, if required, it is desirable to set the diameter of 
outgoing radiation of the outgoing beam in this projection scale factor or the 1st beam deflector 7 as 
a suitable value. 

[0045] The space optical modulator 7 consists of a liquid crystal display (LCD) of for example, a 
transparency mold etc., and displays the image according to a picture signal on a display. And the 
space optical modulator 7 is modulated according to the image which displayed this laser beam on 
the display by making this display penetrate the laser beam by which outgoing radiation was carried 
out from the 1st beam deflector 6. 

[0046] In this hologram record regenerative apparatus 1, as mentioned above, it is reflected by the 
1st beam splitter 4, and let the laser beam modulated by the space optical modulator 7 be body light 
after deviating with the 1st beam deflector 6. 

[0047] Between the space optical modulator 7 and the 1st hologram record medium 8, the lens 1 1 for 
carrying out the Fourier transform of the body light modulated according to the image displayed on 
the display of the space optical modulator 7 is arranged. In addition, he sets the focal distance of a 
lens 1 1 to f, and is trying to arrange the space optical modulator 7 and the 1st hologram record 
medium 8 on the focal plane of a lens 1 1 in the example shown in drawing 1 , respectively. Here, the 
1st hologram record medium 8 makes the core the criteria of a location. 

[0048] By penetrating a lens 1 1, the Fourier transform of the body light modulated by the space 
optical modulator 7 after deviating with the 1st beam deflector 6 is carried out, and it carries out 
incidence to the 1st hologram record medium 8 arranged near [ the ] the fourier side by the incident 
angle according to the deflection angle by the 1st beam deflector 6. 

[0049] On the other hand, on the optical path of the laser beam which penetrated the 1st beam 
splitter 4, it is reflected by the clinch mirror 12 which reflects this laser beam and bends that optical 
path about 90 degrees, and this clinch mirror 12, and the 2nd beam splitter 13 for branching the 
optical path of the laser beam by which the optical path was bent is arranged. The 2nd beam splitter 
13 branches the optical path of this laser beam by reflecting other parts and bending that optical path 
about 90 degrees, for example while penetrating a part of laser beam reflected by the clinch mirror 
12. 

[0050] It is reflected by the 2nd beam splitter 13 and the 2nd shutter 14 which switches ON/OFF of 
this laser beam is arranged on the optical path of the laser beam by which the optical path was bent. 
Moreover, on the optical path of the laser beam which penetrated the 2nd beam splitter 13, the 3rd 
shutter 15 which switches ON/OFF of this laser beam is arranged. 

[0051] And in this hologram record regenerative apparatus 1, when the 2nd shutter 14 is opened, it is 
reflected by the 2nd beam splitter 13 and the laser beam by which the optical path was bent is made 
as [ carry out / as a reference beam / by the predetermined incident angle / to the hologram record 
medium 8 of the above 1st / incidence ]. 
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[0052] Therefore, this hologram record regenerative apparatus 1 By opening the 1st shutter 5 and 
2nd shutter 14, and carrying out outgoing radiation of the laser beam from the light source 2, where 
the 3rd shutter 15 is closed The body light which becomes irregular with the space optical modulator 
7, and carries out incidence to the 1st hologram record medium 8 by the incident angle according to 
the deflection angle by the 1st beam deflector 6, The reference beam which carries out incidence to 
the 1 st hologram record medium 8 by the predetermined incident angle can be made to be able to 
interfere in the 1st hologram record medium 8, and it can record on the 1st hologram record medium 
8 by making into a hologram the image displayed on the space optical modulator 7. 
[0053] Changing the incident angle to the 1st hologram record medium 8 of the body light which 
penetrated the space optical modulator 7 by changing the deflection angle according the above 
record process to the 1st beam deflector 6, the hologram record regenerative apparatus 1 concerning 
this invention is repeatedly performed using the same reference beam, and carries out multiplex 
record of the hologram of two or more sheets at the 1st hologram record medium 8. Hereafter, this 
record process is called 1st step. 

[0054] The recording schedule in the 1st step is set up so that, as for the hologram record 
regenerative apparatus 1, ** "a page 1 ' by which multiplex record was carried out may have equal 
diffraction efficiency in the 1st hologram record iriedium 8 altogether at the time of playback. 
[0055] In addition, the multiplex record hologram which the "page" of these plurality piles up one- 
sheet the hologram of one sheet recorded on the 1st hologram record medium 8 in the following 
explanation by carrying out multiplex record of a "page", calls, and these ** "a page" at the 1st 
hologram record medium using the same reference beam, and it comes to unite for the facilities of 
explanation will be called a "chapter." 

[0056] In the 1st step, all the "pages" by which multiplex record was carried out is recorded on the 
1st hologram record medium 8 using the same reference beam, as mentioned above. Therefore, if 
incidence of the same light as the reference beam used when ** "a page" was recorded is carried out 
to the 1st hologram record medium 8 as a read-out light, the hologram record regenerative apparatus 
1 can bundle up all the "pages" of the "chapter" recorded on the 1st hologram record medium 8, and 
can be reproduced. Hereafter, this renewal process is called 2nd step. 

[0057] On the optical path of the playback light reproduced in the 2nd step, the 2nd hologram record 
medium 1 8 in which the playback light which penetrated the lenses 16 and 17 for carrying out the 
Fourier transform of this playback light and these lenses 16 and 17 carries out incidence as a body 
light is arranged. In addition, the focal distance of lenses 16 and 17 is set to f, the 1st hologram 
record medium 8 is located on the focal plane of a lens 16, the 2nd hologram record medium 18 is 
located on the focal plane of a lens 17, and he is trying to set [ in / both / the example shown in 
drawing 1 ] spacing of a lens 16 and a lens 17 to 2f. Here, the 2nd hologram record medium 18 
makes the core the criteria of a location. 

[0058] In the 2nd step, if the Fourier transform of "all the pages reproduced from the 1st hologram 
record medium 8", i.e., "chapters", is carried out with a lens 16, the reconstruction image of a 
"chapter" will be reproduced by the reconstruction image side which is a focal plane of a lens 16. 
Since the reconstruction image of the "chapter" reproduced by this reconstruction image side is made 
into the condition that the reconstruction image of all the "pages" that constitutes a "chapter" piles up 
coherent, is put together, and interfered each other, it cannot distinguish and read ** "a page" from 
this image. 

[0059] The hologram record regenerative apparatus 1 concerning this invention carries out the 
Fourier transform of the reconstruction image of the "chapter" reproduced by this reconstruction 
image side with a lens 1 7 again, and he is trying to make it it carry out incidence to the 2nd hologram 
record medium 18 arranged near [ that ] the fourier side at an angle of predetermined by making into 
body light the image by which the Fourier transform was carried out. 

[0060] On the optical path of the laser beam which, on the other hand, penetrated the 2nd beam 
splitter 13 mentioned above, the 2nd beam deflector 19 which controls the travelling direction of this 
laser beam is arranged. By deflecting the laser beam which carried out incidence by the 
predetermined deflection angle, and penetrating or reflecting it like the 1st beam deflector 4, this 2nd 
beam deflector 19 controls the travelling direction of this laser beam, and consists of an acoustooptic 
deflector, an electrooptic deflector, a galvanomirror, etc. However, since this 2nd beam deflector 19 
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is used as a means to change the incident angle of a reference beam in order to record a "chapter" on 
the 2nd hologram record medium 18 by include-angle multiplex, it cannot deflect a laser beam in the 
direction of two dimension, but it is necessary to make it deflect it in a 1 -dimensional side including 
a body light optical axis. It is because degeneration will arise and two or more holograms will be 
simultaneously reproduced, if a reference beam is scanned in the direction vertical to the flat surface 
which a reference beam and body light make (refer to "photorefractive non-linear optics", P. Yeh, and 
Maruzen). However, when performing fractal multiplex, a laser beam can be deflected also in the 
direction vertical to the flat surface which this the reference beam and body light instead of a 
limitation make, but when so many multiplicities cannot be obtained, in order that the location of a 
reconstruction image may shift in the direction vertical to the flat surface which a reference beam 
and body light make, electric eyes, such as CCD, must be moved or means, such as using big CCD, 
must be provided. 

[0061] In the hologram record regenerative apparatus 1 concerning this invention, the 2nd beam 
splitter 13 is penetrated and the laser beam by which the travelling direction was controlled by the 
2nd beam deflector 19 is made as [ carry out / as a reference beam / by the incident angle according 
to the deflection angle by the 2nd beam deflector 19 / to the 2nd hologram record medium 18 / 
incidence ]. 

[0062] Therefore, this hologram record regenerative apparatus 1 By closing the 1st shutter 5, 
opening the 2nd and 3rd shutters 14 and 15, and carrying out outgoing radiation of the laser beam 
from the light source 2 While reproducing ** by which multiplex record was carried out "a page", 
i.e., a "chapter", to the 1st hologram record medium 8 and carrying out incidence to the 2nd 
hologram record medium 18 by the predetermined incident angle by making this playback light into 
body light The laser beam which penetrated the 2nd beam splitter 13 is deflected with the 2nd beam 
deflector 19. Incidence is carried out to the 2nd hologram record medium 18 as a reference beam by 
the incident angle according to this deflection angle. Such light can be made to be able to interfere in 
the 2nd hologram record medium 18, and all the "pages" that constitutes a "chapter" can record the 
multiplex record hologram which it piles up and comes to unite on the 2nd hologram record medium 
18 as a hologram of one sheet. 

[0063] The hologram record regenerative apparatus 1 concerning this invention should pass the 
above record process. When all the "pages" that constitutes a "chapter" records the multiplex record 
hologram which it piles up and comes to unite on the 2nd hologram record medium 1 8 as a hologram 
of one sheet Again, it returns to the 1st step, multiplex record of the "page" new to the 1st hologram 
record medium 8 is carried out, and new "chapter" is constituted in the 1st hologram record medium 
8. Before recording new "chapter" on the 1st hologram record medium 8 at this time, you may make 
it eliminate all the "pages" of the old "chapter" recorded on the 1st hologram record medium 8 using 
means, such as an optical exposure and heating. 

[0064] If new "chapter" is recorded on the 1st hologram record medium 8, this "chapter" will be 
reproduced by the 2nd step. And incidence is again carried out to the 2nd hologram record medium 
18 by making the reconstruction image of this "chapter" into body light. At this time, by changing 
the deflection angle by the 2nd beam deflector 19, the angle of incidence to the 2nd hologram record 
medium 18 of a reference beam is changed with the time of pre- "chapter" record, and new "chapter" 
is recorded on the 1st hologram record medium 18. This procedure is repeated and two or more 
"chapters" is recorded on the 2nd record medium 18 by the so-called include-angle multiplex record. 
Hereafter, this record process is called 3rd step. 

[0065] The recording schedule in the 3rd step is set up so that, as for the hologram record 
regenerative apparatus 1, ** "a chapter" by which multiplex record was carried out may have equal 
diffraction efficiency in the 2nd hologram record medium 18 altogether at the time of playback. 
[0066] in addition, the "chapter" which consists of a "page" by which multiplex record was carried 
out by the same reference beam in the following explanation for the facilities of explanation - the 
2nd hologram record medium 18 - "— the whole hologram which carried out multiplex record using 
a reference beam which is different in every chapter" will be called a "book." 
[0067] In order for two or more "chapters" to reproduce desired "chapter" to the 2nd hologram 
record medium 18 in the 3rd step among the "books" which comes to carry out multiplex record 
Where closing and the 3rd shutter 15 are opened for the 1st shutter 5 and 2nd shutter 14, carry out 
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outgoing radiation of the laser beam from the light source 2, and the deflection angle by the 2nd 
beam deflector 19 is adjusted. What is necessary is just to carry out incidence of the same light as the 
reference beam used when the "chapter" to reproduce was recorded to the 2nd hologram record 
medium 18 as a read-out light. Hereafter, this renewal process is called 4th step. 
[0068] On the optical path of the playback light reproduced in the 4th step, the lenses 20 and 21 for 
carrying out the Fourier transform of this playback light are arranged. The focal distance of lenses 20 
and 21 is set to f, the 2nd hologram record medium 18 is located on the focal plane of a lens 20, and 
he is trying to set [ in / both / the example shown in drawing 1 ] spacing of a lens 20 and a lens 21 to 
2f. 

[0069] In the 4th step, if the Fourier transform of the "chapter" selectively reproduced from the 2nd 
hologram record medium 18 is carried out with a lens 20, the reconstruction image of the "chapter" 
chosen as the reconstruction image side which is a focal plane of a lens 20 will be reproduced. 
However, as mentioned above, since the reconstruction image of the "chapter" reproduced by this 
reconstruction image side is made into the condition that the reconstruction image of all the "pages" 
that constitutes a "chapter" piles up coherent, is put together, and interfered each other, it cannot 
distinguish and read ** "a page" from this image. 

[0070] Then, the hologram record regenerative apparatus 1 concerning this invention reproduces the 
reconstruction image of the "chapter" reproduced by this reconstruction image side to the 
reconstruction image side which is a focal plane of a lens 21 again about the image by which the 
Fourier transform was carried out by carrying out the Fourier transform with a lens 21. Here, the 
reconstruction image side which is a focal plane of a lens 21 is the Fourier transform side of the 
space optical modulator 7. Therefore, the parallel ray of a different direction in respect of the space 
optical modulator 7 will be condensed by different point in this reconstruction image side. 
Specifically, the reconstruction image by which the space optical modulator 7 is reproduced by this 
reconstruction image side since that whose configuration of each pixel is rectangle opening is 
generally most takes the diffraction pattern in which the diffracted light spread in all directions. 
[0071] The hologram record regenerative apparatus 1 concerning this invention includes even a 
primary positive/negative light of a reconstruction image in every direction in the reconstruction 
image side which is a focal plane of this lens 21, and arranges in it the hologram extract means 22 
which filters and takes out the diffracted light of a specific "page" component, and he is trying to 
extract desired "page" out of the "chapter" reproduced by the reconstruction image side with this 
hologram extract means 22. Hereafter, the process in which the "page" of this request is extracted is 
called 5th step. 

[0072] As a hologram extract means 22 used in the 5th step, aperture with movable opening can be 
considered, for example. That is, using this aperture, while making only the component of a desired 
"page" penetrate through opening out of the diffraction pattern of the whole "chapter", the diffracted 
light of other "pages" can be intercepted, and the image of that "page" can be restored to a backside 
[ a lens 23 ] focal plane by carrying out the Fourier transform of the diffracted light of the "page" 
component penetrated through opening again with the lens 23 arranged on that optical path. 
[0073] And if the detector arrays 24, such as CCD, are arranged in a backside [ this lens 23 ] focal 
plane, the data of the "page" extracted by the hologram extract means 22 can be read. 
[0074] Here, it is possible to use the liquid crystal shutter array 30 as shown in drawing 2 as aperture 
with movable opening, for example. It comes to arrange many arrays of the shutter to which this 
liquid crystal shutter array 30 becomes a filter side from the array of a liquid crystal cell 3 1. It comes 
to insert a liquid crystal cell 3 1 with two transparence substrates which were the same as that of the 
liquid crystal cell used for the panel for a display etc., and coated the orientation film and a 
transparent electrode for liquid crystal. And the transistor component and wiring which can drive 
each part independently are given to each [ these ] liquid crystal cell 31. The liquid crystal shutter 
array 30 can control the permeability of the light of each liquid crystal cell 31 by giving an electrical 
signal from the exterior to each [ these ] liquid crystal cell 31 according to an individual. Here, 
opening of each liquid crystal cell 31 is made as [ have / the configuration and magnitude which can 
choose only the diffracted light of a specific "page" spatially ]. 

[0075] If only the permeability of the liquid crystal cell 31 of the part corresponding to desired 
"page" is raised and the permeability of the liquid crystal cell 3 1 of other parts is made low using this 
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liquid crystal shutter array 30 While making only the component of a desired "page" penetrate 
through opening of the liquid crystal cell 31 of the part corresponding to this out of the diffraction 
pattern of the whole "chapter" as shown in drawing 3 , the diffracted light of other "pages" is 
intercepted, and desired "page" can be chosen and it can reproduce. The principle of operation of 
each liquid crystal cell 3 1 which constitutes this liquid crystal shutter array 30 can consider various 
things, and can use micro machines, such as a micro mirror array using various components known 
as a space optical modulator, for example, a reflective mold liquid crystal display, a mold light valve 
write-in [ optical ], and ultra-fine processing technology, etc. 

[0076] Moreover, although opening is electrically moved like the liquid crystal shutter array 30 
mentioned above as aperture with movable opening, you may make it use for others the shutter 
equipment to which for example, a machine target is made to move opening. 

[0077] Moreover, as a hologram extract means 22 used in the 5th step, as shown in drawing 4 , what 
combined the beam deflection means 41 which makes adjustable the travelling direction of light, 
such as the aperture 40 which has fixed opening, and a galvanomirror, can be considered, for 
example. In this case, on the optical path of the playback light reproduced in the 4th step, it changes 
into a lens 20 and the lens 42 which changes this playback light into parallel light is arranged. And 
the beam deflection means 41 is arranged on the optical path of the playback light changed into 
parallel light by the lens 42. The diffraction pattern of all the "pages" that belongs to a "chapter" with 
this beam deflection means 41 in the focal plane of the lens 21 arranged in that latter part will be 
scanned. And aperture 40 is arranged in the focal plane of the lens 21 with which the diffraction 
pattern of all the "pages" belonging to a "chapter" is scanned. 

[0078] The opening 43 which penetrates only the diffracted light of the "page" of one sheet chosen 
as aperture 40 from the diffraction patterns of the whole "chapter" is formed, for example in the core. 
And all of the diffracted light of "pages" other than the "page" as which this aperture 40 was chosen 
are made as [ intercept ]. Therefore, this tail hologram extract means 22 can extract desired "page" 
out of a "chapter" by making only the component of a desired "page" penetrate through the opening 
43 of aperture 40 out of the diffraction pattern of the whole "chapter" deflected by the beam 
deflection means 41. 

[0079] In addition, as long as the hologram extract means 22 can extract desired "page" out of a 
"chapter", it may be considered as the configuration which combined the example which may 
consider as the configuration of those other than the example mentioned above, and was mentioned 
above. 

[0080] The part from the space optical modulator 7 of the hologram record regenerative apparatus 1 
concerning this invention to the detector array 24 is expanded to drawing 5 , and is shown. 
Moreover, the intensity distribution of the laser beam in each side of (a) in drawing 5 - (g) are 
typically shown in drawing 6 (a) - drawing 6 (g). 

[0081] In this hologram record regenerative apparatus 1, the laser beam which penetrates the space 
optical modulator 7 serves as a pattern like drawing 6 (a) in respect of (a) in drawing 5 . Moreover, 
the body light which carried out incidence to the 1st hologram record medium 8 serves as a pattern 
like drawing 6 (b) in respect of (b) in drawing 5 . Moreover, the playback light (body light) which 
penetrated the lens 16 serves as a pattern like drawing 6 (c) in respect of (c) in drawing 5 . Moreover, 
the body light which carried out incidence to the 2nd hologram record medium 1 8 serves as a pattern 
like drawing 6 (d) in respect of (d) in drawing 5 . Moreover, the playback light which penetrated the 
lens 20 serves as a pattern like drawing 6 (e) in respect of (e) in drawing 5 . Moreover, the playback 
light which penetrated the lens 21 serves as a pattern like drawing 6 (f) in respect of (f) in drawing 
5 . Moreover, the playback light which carried out incidence to the detector array 24 serves as a 
pattern like drawing 6 (g) in respect of (g) in drawing 5 . 

[0082] Here, since the body light (or playback light) of** "a page" which constitutes a "chapter" is 
the beam of light of a different incident angle, it shows the diffraction pattern separated spatially in 
respect of the (b) side which is the fourier side, (d), and (f). Moreover, since all the "pages" 
belonging to a "chapter" is reproduced in respect of (f) which is the reconstruction image side of the 
"chapter" recorded on the (c) side and the 2nd hologram record medium 18 which are the 
reconstruction image side of the "chapter" recorded on the 1st hologram record medium 8, the 
pattern on top of which all the "pages" was laid coherent is observed. And in the hologram record 
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regenerative apparatus 1 concerning this invention, since desired "page" is extracted by the hologram 
extract means 22 out of the reconstruction image of this "chapter" and only the component of this 
"page" carries out incidence to the detector array 24, in respect of (g), this selected "page" of one 
sheet is observed. 

[0083] Therefore, in the hologram record regenerative apparatus 1 concerning this invention, the 1st 
hologram record medium 8 will store information as a buffer memory temporarily, and the 2nd 
hologram record medium 18 will play a role of main memory. Here, when recording the "page" of m 
sheets on the 1st hologram and copying this to the 2nd hologram n times (i.e., when setting to 1 "a 
book" n "a chapter" which consists of m "a page", respectively), 1 "a book" consists of "(nxm) 
pages." this time — 1 — "— the diffraction efficiency of per page" is l/(n2xm). Since the diffraction 
efficiency when carrying out multiplex record of the hologram to the usual recording schedule is 1/ 
(n2xm2), it can increase the diffraction efficiency of each hologram m times at the time of carrying 
out multiplex record to the usual recording schedule by carrying out record playback of the hologram 
with the hologram record regenerative apparatus 1 concerning this invention. 
[0084] When record playback of the hologram of 1000 sheets is specifically carried out as 100 "a 
page" and 10 "a chapter" with the hologram record regenerative apparatus 1 applied to this invention 
to the diffraction efficiency of the hologram of one sheet being set to 10-6 when multiplex record of 
the hologram of 1 000 sheets is carried out to the usual recording schedule, the diffraction efficiency 
of the hologram of one sheet is set to 10-4. Therefore, by carrying out record playback of the 
hologram of 1000 sheets as mentioned above using the hologram record regenerative apparatus 1 
concerning this invention shows that the diffraction efficiency of the hologram of one sheet can be 
increased 100 times at the time of carrying out multiplex record to the usual recording schedule. 
[0085] (Example using a micro-lens array) Next, the hologram record regenerative apparatus 
equipped with the micro-lens array which comes to arrange two or more micro lenses corresponding 
to each pixel of the space optical modulator 7 is explained. In addition, in the following explanation, 
the sign same about the same configuration as the hologram record regenerative apparatus 1 
mentioned above is attached, and detailed explanation is omitted. 

[0086] When a micro-lens array is used for a hologram record regenerative apparatus, by changing 
the incident angle of the light which carries out incidence to the space optical modulator 7, the spot 
in the focal plane of each micro lens can be made to be able to separate, and the image of one sheet 
displayed on the space optical modulator 7 can be divided into two or more images. 
[0087] When a micro-lens array is used like this example, the principle of the hologram record 
regenerative apparatus 1 mentioned above will be applied for every pixel of the space optical 
modulator 7. Therefore, what is necessary is just to perform filtering by the hologram extract means 
22 in each pixel unit in the image surface of a micro-lens array, in extracting specific "page" in this 
example. 

[0088] The example of 1 configuration of the hologram record regenerative apparatus using a micro- 
lens array is shown in drawing 7 . Here, only the part which performs record playback to the 1st 
hologram record medium 8 is illustrated and explained. 

[0089] In the hologram record regenerative apparatus 50 shown in this drawing 7 , after the laser 
light by which outgoing radiation was carried out from the light source 2 is changed into parallel 
light by the collimator lens 3, that optical path branches by the 1st beam splitter 4. And in the 
example shown in this drawing 7 , it is reflected by the clinch mirror 12 and the laser beam reflected 
by the 1st beam splitter 4 carries out incidence to the 1st hologram record medium 8 by the 
predetermined incident angle as a reference beam. In addition, although the graphic display is 
omitted here, the reference beam which carries out incidence to the 2nd hologram record medium 
can be obtained by arranging the 2nd beam splitter on the optical path of the laser beam reflected by 
the clinch mirror 12. 

[0090] The laser beam which penetrated the 1st beam splitter 4 is deflected by the predetermined 
deflection angle by the 1st beam deflector 6, such as a galvanomirror, and a travelling direction is 
controlled, the laser beam by which the travelling direction was controlled by the 1st beam deflector 
6 — ** — "— incidence is carried out to the space optical modulator 7 by incident angle which is 
different in every page." And let the laser beam modulated according to the image displayed on this 
space optical modulator 7 be body light. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/3/2006 



JP,2000-242156,A [DETAILED DESCRIPTION] 



Page 12 of 17 



[0091] The micro-lens array 51 is arranged in the outgoing radiation side of the space optical 
modulator 7 in this hologram record regenerative apparatus 50. Therefore, the body light modulated 
according to the image which penetrated the space optical modulator 7 and was displayed on this 
space optical modulator 7 is condensed by different micro-lens element for every pixel of the space 
optical modulator 7. The Fourier transform of the spot of each of this micro-lens element is carried 
out with a lens 1 1, and it carries out incidence to the 1st hologram record medium 8 as a body light 
The body light condensed by the micro-lens element and the reference beam which carries out 
incidence to the 1st hologram record medium 8 by the predetermined incident angle can be made by 
this to be able to interfere in the 1st hologram record medium 8, and it can record on the 1st 
hologram record medium 8 by making into a "page" the image of the spot condensed by the micro- 
lens element. 

[0092] Changing the incident angle of the laser beam which carries out incidence to the space optical 
modulator 7 by changing the deflection angle according the above record process to the 1st beam 
deflector 6, the hologram record regenerative apparatus 50 is repeatedly performed using the same 
reference beam, and carries out multiplex record of the plurality "a page" at the 1st hologram record 
medium 8. 

[0093] The hologram record regenerative apparatus 50 using this micro-lens array 51 has the 
following descriptions as compared with the hologram record regenerative apparatus 1 mentioned 
above. That is, the reconstruction image acquired by carrying out the Fourier transform of the 
playback light of the hologram recorded on the 1st hologram record medium 8 with this hologram 
record regenerative apparatus 50 again is an image of the focal plane of the micro-lens array 51. 
Therefore, if each pixel can be separated in respect of a reconstruction image and detector arrays, 
such as CCD, are arranged in this reconstruction image side as it is shown in drawing 8 thru/or 
drawing 10 , if sufficiently large include-angle spacing of the laser beam which carries out incidence 
to the space optical modulator 7 is taken in case different "page" is recorded, a high definition image 
is reproducible. 

[0094] However, as the reconstruction image acquired by carrying out the Fourier transform of the 
playback light of the hologram recorded on the 1st hologram record medium 8 with the hologram 
record regenerative apparatus 50 using this micro-lens array 51 again is shown in drawing 1 1 , it is 
the image with which the pixel of a different "page" comes to adjoin each other, and the pixel of the 
same "page" will be distributed periodically. Therefore, in order to reproduce the original "page", 
this image is rearranged into the original "page" by putting in block the image of the "chapter" 
recorded on the 1st hologram record medium 8 as well as the hologram record regenerative 
apparatus 1 mentioned above, reproducing, and performing electrical signal processing by hardware 
or software. 

[0095] Moreover, the data recorded at the time of record may be processed so that a desired 
reconstruction image may be eventually acquired by reverse. Thus, if record data are processed so 
that a desired reconstruction image may be acquired eventually, this hologram record regenerative 
apparatus 50 can be used as an image display device. Since the display indicated in JP,7-36040,A 
was not able to display all pixels simultaneously, it had the problem that high-speed operation was 
required of a space optical modulator. However, since this hologram record regenerative apparatus 
50 can display simultaneously all the "pages" contained in a "chapter", it can display a high 
definition image appropriately, without carrying out high-speed operation of the space optical 
modulator 7. Moreover, since this hologram record regenerative apparatus 50 can number [ of 
"Paige" ] double the number of pixels of the space optical modulator 7, it can be used for the display 
of a high definition still picture display or a three dimensional image. 

[0096] next, the hologram recorded on the 1st hologram record medium 8 with the hologram record 
regenerative apparatus 50 using this micro-lens array 51 — "— the case where extract one sheet at a 
time to every Paige", and it reproduces to it is explained. The part from the space optical modulator 7 
of this hologram record regenerative apparatus 50 to the detector array 24 is illustrated to drawing 
12 . This hologram record regenerative apparatus 50 is characterized by changing into the lens 21 
used in the hologram record regenerative apparatus 1 mentioned above, and arranging the micro-lens 
array 52, and using the angular dependence filter 53 as a hologram extract means 22. 
[0097] As mentioned above, in this hologram record regenerative apparatus 50, the space optical 
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modulator 7 is penetrated and the image of the spot condensed by the micro-lens array 5 1 for every 
pixel of the space optical modulator 7 is recorded on the 1st hologram record medium 8 as "Paige." 
And multiplex record of two or more "Paige" is carried out by performing the above record process 
repeatedly using the same reference beam at the 1st hologram record medium 8, changing the 
incident angle of the laser beam which carries out incidence to the space optical modulator 7. 
[0098] By reading the same light as the reference beam used at the time of record to this 1st 
hologram record medium 8, and carrying out incidence to it as a light, the image of "all Paige by 
whom multiplex record was done", i.e., "chapters", bundles up to the 1st hologram record medium 8, 
and is reproduced. And after this playback light penetrates a lens 16 and a lens 17, incidence is 
carried out to the 2nd hologram record medium 18 as a body light. 

[0099] By making this body light and reference beam interfere in the 2nd hologram record medium 
18, copy record of the "chapter" is carried out at the 2nd hologram record medium 18. the above 
record process — each playback — 11 — multiplex record of two or more "chapters" is carried out by 
the multiplex approaches, such as include-angle multiplex, to the 2nd hologram record medium 1 8 
by carrying out repeatedly using the reference beam to which the incident angle etc. was changed to 
every chapter." 

[0100] In reproducing desired "chapter" from the 2nd hologram record medium, the same light as the 
reference beam used when recording this "chapter" is read, and it carries out incidence to the 2nd 
hologram record medium 18 as a light. Thereby, it is collectively reproduced by desired "chapter" 
from the 2nd hologram record medium 18. If the Fourier transform of this playback light is carried 
out with a lens 20, the image of all "Paige" contained in a "chapter" will be set [ it puts it on it and ] 
and reproduced by the focal plane of this lens 20. 

[0101] the micro-lens array 52 by which the hologram regenerative apparatus 50 puts a focus on the 
focal plane of this lens 20 in a reconstruction image side — each spot of this reconstruction image -- 
"— it changes into the parallel light which advances at an include angle which is different in every 
Paige." This micro-lens array 52 is arranged so that each lens element may correspond to 1 pixel of 
the space optical modulator 7 by 1 to 1 . Therefore, the playback light of each hologram formed 
considering the light which carried out incidence by whenever [ incident angle / which is different in 
the space optical modulator 7 ] as a body light will have a travelling direction different, respectively. 
[0102] The echo or transparency filter (angular dependence filter 53) with which the hologram 
record regenerative apparatus 50 has angular dependence on the optical path of the playback light of 
each of this hologram is arranged. And he is trying for the hologram record regenerative apparatus 
50 to take out only a component with one travelling direction from the playback light of each 
hologram by making the playback light of each hologram reflect or penetrate selectively with this 
angular dependence filter 53. 

[0103] The component of the playback light extracted with this angular dependence filter 53 is one 
component of "Paige." This one component of "Paige" carries out image formation as an image of a 
micro-lens outgoing radiation side by penetrating a lens 23. And the data of "Paige" extracted with 
the angular dependence filter 53 are read by the detector arrays 24, such as CCD arranged in this 
image surface. 

[0104] the hologram record regenerative apparatus 50 rotates the angular dependence filter 53 for the 
above renewal process — or by repeating changing the selection include angle of the angular 
dependence filter 53, it can dissociate one after another and "Paige" of the request in a "chapter" can 
be taken out. 

[0105] Here, the optical element using principles, such as interference in the thin film of total 
reflection, or the Bragg diffraction and a multiple echo and the fine structure below wavelength, as 
this angular dependence filter 53 can be used. As an optical element using the Bragg diffraction, a 
sound optical element, a volume mold hologram, etc. are mentioned. Moreover, since resonance- 
diffraction efficiency and permeability arise to whenever [ specific wavelength and specific incident 
angle ], the diffraction grating and the photonics crystal with the structure below wavelength can use 
this. Moreover, it is [ among these ] also possible to use it combining plurality. 
[0106] (Other modifications) Although he was trying to use two hologram record media, the 1st 
hologram record medium 8 and the 2nd hologram record medium 1 8, in the hologram record 
regenerative apparatus 1 and the hologram record regenerative apparatus 50 which were mentioned 
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above, the hologram record regenerative apparatus concerning this invention is not limited to the 
above example, and you may make it two or more hologram record media used in addition for it. For 
example, a hologram record regenerative apparatus can aim at improvement in a recording rate, 
when two or more 1st hologram record medium 8 is installed in juxtaposition. Moreover, 
improvement in diffraction efficiency can be aimed at by a hologram record regenerative apparatus 
arranging a hologram record medium to a serial, and repeating copy record. 
[0107] Moreover, in the hologram record regenerative apparatus 1 and the hologram record 
regenerative apparatus 50 which were mentioned above, although he was trying to use the light same 
as a reference beam at the time of the hologram record to the 1st hologram record medium 8 The 
hologram record regenerative apparatus concerning this invention is not what is limited to the above 
example. ** "Paige 11 is recorded by reference beam different, respectively like the usual include- 
angle multiplex record, the same light as this reference beam is read, incidence is carried out to 
coincidence to the 1st hologram record medium 8 for all as a light, all holograms are put in block, 
and you may make it reproduce. In this case, although structure becomes complicated since a means 
to generate the reference beam from which plurality differs is needed, copy record only of specific 
Paige can be selectively carried out by considering as such a configuration at the 2nd hologram 18. 
[0108] Moreover, the 1st hologram record medium 8 and the 2nd hologram record medium 18 do not 
need to be the same ingredients, and can combine'various hologram record ingredients. Using the 
ingredient in which two-wave record of Pr:LiNb03 and Pr:LiTa03 grade is possible by for example, 
the thing for which the beam of light of short wavelength is irradiated only at the time of record as 
the 1st hologram record medium 8 or 2nd hologram record medium 18 It is also possible to realize 
non-destroying playback by the so-called two-wave gate record (USP 5665493 Bai et al, Y.S.Bai and 
R.Kachru, Phys.Rev.Lett, 78, 2944, 1997 reference). Moreover, when a photopolymer is used as a 
hologram record medium, over a long period of time, it is stable and the hologram in which 
prolonged preservation is possible can be recorded. Therefore, as an ingredient of the 1st hologram 
record medium 8, even if not fit for a mothball, diffraction efficiency is high, record sensibility is 
high, for example, if the ingredient in which mothballs, such as a photopolymer, are possible is used 
as an ingredient of the 2nd hologram record medium 18 using ingredients, such as a photorefractive 
crystal, the hologram record regeneration system which employed the advantage efficiently can be 
built, compensating the fault of two ingredients mutually. 

[0109] Especially when using a photopolymer as a hologram record medium, as shown in drawing 
13 , it is effective to make the configuration of a hologram record medium into a disk configuration. 
Handling is easy when another hologram can be written in the location where hologram record 
media differ by processing a hologram record medium into the same disc structure as an optical disk, 
and rotating this. Moreover, for multiplexing, beam deflection means, such as a beam deflector, 
cannot be used, but ** can also substitute for this by revolution of a disk. When performing 
multiplex record to the hologram record medium of such a configuration, shift multiplex record and 
peri straw FIKKU multiplex record are effective. 

[01 10] The photorefractive crystal of a bulk configuration is used for the hologram record 
regenerative apparatus 60 shown in drawing 13 as 1st hologram record medium 8. And it is made to 
carry out multiplex record of the hologram by include-angle multiplex at the 1st hologram record 
medium 8 which consists of this photorefractive crystal. Moreover, the thing which comes to apply a 
photopolymer to a disk front face in the shape of a layer is used for this hologram record 
regenerative apparatus 60 as 2nd hologram record medium 18. And it is made to carry out multiplex 
record of the hologram by shift multiplex at the 2nd hologram record medium 18 of the shape of this 
disk. In addition, about the configuration of others of this hologram record regenerative apparatus 
60, since it is almost the same as the hologram record regenerative apparatus 1 mentioned above, the 
sign same about the same configuration is attached and explanation is omitted. 
[0111] Moreover, in the hologram record regenerative apparatus 1 and the hologram record 
regenerative apparatus 50 which were mentioned above, although the case where include-angle 
multiplex system was used was described as the multiplex record approach of the 2nd hologram 
record medium 18, the hologram record regenerative apparatus concerning this invention is not 
limited to the above example, and the other multiplex record approaches may be used for it. That is, 
in addition to the shift multiplex system considered to be deformation of include-angle multiplex 
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system, peri straw FIKKU multiplex system, phase code multiplex system, etc., wavelength 
multiplex system, spatial multiplexing, fractal multiplex system, etc. can be used for the hologram 
record to this 2nd hologram record medium 18. Moreover, the multiplex system which combined 
these some may be adopted, when using wavelength multiplex system, in order [ however, ] to 
reproduce using the same reference beam — "— it is necessary to use wavelength which is different in 
every chapter" also at the time of the hologram record to the 1st hologram record medium 8 
[0112] Moreover, if the conjugation light which has the same wave front as the reference beam at the 
time of record, and spreads the reference beam at the time of hologram playback to an opposite 
direction is used, it is known that body light will also be reproduced by the opposite direction. The 
hologram record regenerative apparatus concerning this invention may be made to reproduce the 1st 
hologram record medium 8 or the 2nd hologram record medium 18 using this phenomenon (phase 
conjugation). 

[01 13] The example of 1 configuration of the hologram record regenerative apparatus using phase 
conjugation is shown in drawing 14 . The hologram record regenerative apparatus 70 shown in this 
drawing 14 carries out outgoing radiation of the high laser beam of coherence with sufficiently 
narrow wavelength width of face from the light source 71. After the laser beam which carried out 
outgoing radiation from the light source 71 penetrates a collimator lens 72 and is changed into 
parallel light, incidence of it is carried out to the 1st beam splitter 73. As for the laser beam which 
carried out incidence to the 1st beam splitter 73, that part penetrates this 1st beam splitter 73, and 
other parts are reflected by this 1st beam splitter 73. 

[0114] Incidence of the laser beam which penetrated the 1st beam splitter 73 is carried out to the 2nd 
beam splitter 74 arranged on the optical path. And as for the laser beam which carried out incidence 
to the 2nd beam splitter 74, that part penetrates this 2nd beam splitter 74, and other parts are 
reflected by this 2nd beam splitter 74. 

[01 15] Incidence of the laser beam which penetrated the 2nd beam splitter 74 is carried out to the 3rd 
beam splitter 75 arranged on the optical path. And as for the laser beam which carried out incidence 
to the 3rd beam splitter 75, that part penetrates this 3rd beam splitter 75, and other parts are reflected 
by this 3rd beam splitter 75. 

[01 16] After the travelling direction is controlled by the 1st beam deflector 76, incidence of the laser 
beam which penetrated the 3rd beam splitter 75 is carried out to the space optical modulator 77. And 
let light modulated according to the image which penetrated the space optical modulator 77 and was 
displayed on this space optical modulator 77 be body light. After this body light penetrates the 4th 
beam splitter 78 and the Fourier transform is carried out with a lens 79, incidence of it is carried out 
to the 1st hologram record medium 80 by the incident angle according to the deflection angle by the 
1 st beam deflector 76 . 

[0117] On the other hand, it is reflected by the 1st mirror 81 and 2nd mirror 82, and incidence of the 
laser beam reflected by the 2nd beam splitter 74 is carried out to the 1st hologram record medium 80 
by the predetermined incident angle. Thereby, body light and a reference beam interfere in the 1st 
hologram record medium 80, and a hologram ("Paige") is recorded on the 1st hologram record 
medium 80. 

[0118] This hologram record regenerative apparatus 70 performs the above record process repeatedly 
using the same reference beam, changing the incident angle of body light, and carries out multiplex 
record of two or more "Paige" at the 1st hologram record medium 80. 

[0119] Here, after being reflected by the 3rd mirror 83 and 4th mirror 84, incidence of the laser beam 
reflected by the 3rd beam splitter 75 is carried out to the 1st hologram record medium 80. Since this 
laser beam is a conjugation light spread to an opposite direction with the same wave front as a 
reference beam, if the conjugation light of this reference beam is read and it uses as a light, package 
playback of two or more "Paige" ("chapter") by whom multiplex record was done will be carried out, 
and this playback light will carry out outgoing radiation of it to the 1st hologram record medium 80 
from the side in which the body light of the 1st hologram record medium 80 carried out incidence. 
[0120] After the Fourier transform of this playback light is carried out with a lens 79, it is reflected 
by the 4th beam splitter 78 and incidence of it is carried out to the 5th beam splitter 85. And after the 
Fourier transform of the playback light which penetrated the 5th beam splitter 85 is carried out with 
a lens 86, it carries out incidence to the 2nd hologram record medium 87 by the predetermined 
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incident angle as a body light. 

[0121] On the other hand, a travelling direction is controlled by the 2nd beam deflector 88, and the 
laser beam reflected by the 1st beam splitter 73 is an incident angle according to the deflection angle 
by the 2nd beam deflector 88, and carries out incidence to the 2nd hologram record medium 87 as a 
reference beam. Thereby, body light and a reference beam interfere in the 2nd hologram record 
medium 87, and copy record of the "chapter" by which reading appearance was collectively carried 
out from the 1st hologram record medium 80 is carried out at the 2nd hologram record medium 87. 
[0122] This hologram record regenerative apparatus 70 performs the above record process 
repeatedly, changing the incident angle of a reference beam, and carries out copy record of two or 
more "chapters" by which reading appearance was carried out one after another from the 1st 
hologram record medium 80 with multiplex system, such as include-angle multiplex, at the 2nd 
hologram record medium 87. 

[0123] After the laser beam which carried out incidence to the 2nd hologram record medium 80 as a 
reference beam penetrates the 2nd hologram record medium 80, it is reflected by the 5th mirror 89 
arranged on the optical path. And incidence of the laser beam reflected by the 5th mirror 89 is again 
carried out into the 2nd hologram record medium 87. This laser beam is a conjugation light spread to 
an opposite direction with the same wave front as a reference beam. Therefore, if this laser beam is 
read and it uses as a light, the hologram by whichmultiplex record was carried out will be 
selectively reproduced by the 2nd hologram record medium 87, and this playback light will carry out 
outgoing radiation from the side in which the body light of the 2nd hologram record medium 87 
carried out incidence. 

[0124] After the Fourier transform of this playback light is carried out with a lens 86, incidence of it 
is carried out to the 5th beam splitter 85. And after the Fourier transform of the playback light 
reflected by the 5th beam sp Utter 85 is again carried out with a lens 90, incidence of it is carried out 
to the hologram extract means 91. And only the specific "Paige" component is extracted from the 
2nd hologram record medium 87 by this hologram extract means 91 out of the "chapter" by which 
reading appearance was carried out. 

[0125] After the Fourier transform of the light of the specific "Paige" component extracted by the 
hologram extract means 91 is again carried out with a lens 92, it is received by the detector arrays 
93, such as CCD. Thereby, the data of desired "Paige" can be read in the 2nd hologram record 
medium 87 out of the "chapter" by which reading appearance was carried out. 
[0126] In addition, although the above described the example which records a hologram as a fourier 
hologram, the hologram record regenerative apparatus concerning this invention is not limited to the 
above example, and it may be constituted so that other holograms, such as an image hologram and an 
Fresnel hologram, may be recorded. Moreover, although the above described the example which 
carries out record playback of the transparency mold hologram, the hologram record regenerative 
apparatus concerning this invention is not limited to this example, and it may be constituted so that 
record playback of the reflective mold hologram may be carried out. 

[0127] Moreover, the technique of this invention is applied only to neither an information record 
regenerative apparatus nor an image display device, and can be widely applied to what uses the 
principle of hologram record playback. For example, the technique of this invention is applicable to 
optical computers, such as a correlation calculating machine and associative storage, an optical 
interconnection, a hologram printer, a holography interferometer, a holographic optical element, etc. 
[0128] 

[Effect of the Invention] According to the hologram record regenerative apparatus concerning this 
invention, the hologram by which multiplex record was carried out with the 1st record means at the 
1st hologram record medium Since it bundles up with the 1st playback means, and is reproduced and 
multiplex copy record of these two or more multiplex record holograms by which package playback 
was carried out is carried out by the 2nd record means at the 2nd hologram record medium The 
diffraction efficiency per final hologram can be multiplex number-of-sheets doubled the 1st 
hologram record medium at the time of carrying out multiplex record. By this, decline in the 
diffraction efficiency by multiplex record of a hologram can be avoided, a S/N ratio can be raised, 
and the amount of recording information can be increased. 

[0129] Moreover, since according to this hologram record regenerative apparatus the hologram by 
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which multiplex record was carried out with the 1st record means at the 1st hologram record medium 
bundles up with the 1st playback means and is reproduced, there is much amount of information 
included in per [ which is reproduced at once ] hologram, and improvement in an access rate is 
realized. 

[0130] Moreover, since according to this hologram record regenerative apparatus the hologram by 
which multiplex record was carried out with the 1st record means at the 1st hologram record medium 
bundles up with the 1st playback means and is reproduced, much spatial information can be 
displayed at once. Therefore, this hologram record regenerative apparatus can be used as a display of 
a high definition static image or a three dimensional image. 

[0131] According to the hologram record playback approach concerning this invention, in the 1st 
step, moreover, the hologram by which multiplex record was carried out to the 1st hologram record 
medium Since it is collectively reproduced in the 2nd step and multiplex copy record of these two or 
more multiplex record holograms by which package playback was carried out is carried out in the 
3rd step at the 2nd hologram record medium The diffraction efficiency per final hologram can be 
multiplex number-of-sheets doubled the 1st hologram record medium at the time of carrying out 
multiplex record. By this, decline in the diffraction efficiency by multiplex record of a hologram can 
be avoided, a S/N ratio can be raised, and the amount of recording information can be increased. 
[0132] Moreover, since the hologram by which multiplex record was carried out bundles up to the 
1st hologram record medium and is reproduced in the 2nd step in the 1st step according to this 
hologram record playback approach, there is much amount of information included in per [ which is 
reproduced at once ] hologram, and improvement in an access rate is realized. 
[0133] Moreover, since the hologram by which multiplex record was carried out bundles up to the 
1st hologram record medium, and is reproduced in the 2nd step in the 1st step according to this 
hologram record playback approach and much spatial information can be displayed at once, a high 
definition static image and a high definition three dimensional image can be displayed. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the example of 1 configuration of the hologram 
record regenerative apparatus concerning this invention. 

[Drawing 2] It is the top view showing the liquid crystal shutter array used as a hologram extract 
means. •/ 

[Drawing 3] It is a mimetic diagram explaining signs that the component of a desired hologram is 
extracted using the above-mentioned liquid crystal shutter array. 

[Drawing 4] It is the mimetic diagram showing the example used combining the aperture and the 

beam deflection means of having opening fixed as a hologram extract means. 

[Drawing 5] It is the mimetic diagram expanding and showing the part from the space optical 

modulator of the hologram record regenerative apparatus concerning this invention to a detector 

array. 

[Drawing 6] It is drawing showing the intensity distribution of the laser beam in - (g) side (in [ a ]) 

drawing 5 . (a) shows the pattern in the (a) side in drawing 5 , and (b) shows the pattern in the (b) 

side in drawing 5 . (d) shows the pattern in the (d) side in drawing 5 , (e) shows the pattern in the (e) 

side in drawing 5 , (c) shows the pattern in the (c) side in drawing 5 , and (g) shows [ (f) shows the 

pattern in the (f) side in drawing 5 , and ] the pattern in the (g) side in drawing 5 . 

[Drawing 7] It is the mimetic diagram showing the part which performs record playback to the 1 st 

hologram record medium of the hologram record regenerative apparatus using a micro-lens array. 

[Drawing 8] It is a mimetic diagram explaining signs that the spot of each pixel of a space optical 

modulator is separated by the micro-lens array in a reconstruction image side. 

[Drawing 9] It is the side elevation showing signs that the spot of each pixel of a space optical 

modulator is separated by the micro-lens array in a reconstruction image side. 

[Drawing 10] It is the top view showing the situation of the reconstruction image side in drawing 9 . 
[Drawing 11] It is drawing showing the reconstruction image acquired from the playback light of the 
hologram recorded on the 1st hologram record medium with the hologram record regenerative 
apparatus using a micro-lens array. 

[Drawing 12] It is the mimetic diagram showing the part from the space optical modulator of the 
hologram record regenerative apparatus using a micro-lens array to a detector array. 
[Drawing 13] It is the mimetic diagram showing the hologram record regenerative apparatus using 
the thing which comes to apply a photopolymer to a disk front face in the shape of a layer as 2nd 
hologram record medium, using the photorefractive crystal of a bulk configuration as 1st hologram 
record medium. 

[Drawing 14] It is the mimetic diagram showing the example of 1 configuration of the hologram 
record regenerative apparatus using phase conjugation. 
[Description of Notations] 

1 Hologram Record Regenerative Apparatus, 2 Light Source, 6 1st Beam Deflector, 7 Space Optical 
Modulator, 8 1st Hologram Record Medium, 18 2nd Hologram Record Medium, 19 2nd Beam 
Deflector, 22 Hologram Extract Means, 24 Detector Array 
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[Drawing 12] 
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±iSJg l t? ±IBS(! l «>*o **7 Af3Si« 

#K^mE§att;fc«Sfe©*P^7A%-jgl,Tlf£ 

±f2Jg 1 J; »3-gLTS^nfc«SrtJ(<0 

±15^ 2 ©ffi©#©tc * 9 ±fB^ 2 <D* a 7*7 AfEfSJS 
*U:^fif2^S n^^feco^ms®* a 9? A<D *> % 

mao*«E»*B ^7 A^as^u-g^-rasi 2 os 
mm, 

m$m 2 ] ±ssm 2 ©s^^bbc * 0 nfc^ 

MSO*n ^*7 i>«rtttH-r 5 *a 7*7 Attffl#©?:«9x. 

ass. 

*SHW*B8p«avr«o7- y n±T7 y 

y9t%c tic*. ^mMo^n^A^afib-rsc 
^IS^-r 2 fB«tD*n ?7 AfE*fSg£]gM. 

[m&RO ±iB*o^7Aaai^©a. ±ES2c 

»3 If *fe^nfc^M©*n 7*7 A<D3£ft 
£-£5cl tic* •jmMtO^a^A^affl-rStl 
C^^JS 5 ] ±f2S*f 1 <D*a 9?LMmm-t. LT« 

2dE«H"** Ji ^5Ct fc«f« i: -T 5 IR *S 1 ffi^co * 

quo* 6 ] ±iHig 1 Desist*, Qmymmm t 

VXfc'EIUanTfcSV'f 7 o 1/VX7 W i: m> 
c0E&»c#fJLTtS»fecD*O7'7A£ LT±iESfil © 

1 nmwftmi£tLrcm&tit.<D&n9'7i±&nti-£t>2ti 

Tfc SKISS^d 7*7 A^S^-T 3 c i: i: -r § 
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z.zct *mm. t tzmim e ib«<d * o 7*7 aie^s 

ci«*S8] ±fB^2tos*#at«t»)S^nfe^ 
«tag*.a 7*7 i±*m&?zm&m>*v 7*7 a© -5 -5 
mg«D*;uy7A*ism-rs*n^7Attm#e%<i^ 

5 c i: «tttt J: V S 6 IH«0* a 9? AfBf§«£ 

Hi. 

±fE3t 1 -y yk:fe^T±ISm 1 C0*o ^7 A12*i 
&mc£mfB*i£n;fc«&fccQ*n77A£-gLTS 
. _ ^-rsm2toxx-y^ , i:, 

±121*1 2<dxt? y\c^x-mvTm^nrcm^«. 

20 ^Sffi@l*n^7A«:S«:S#^7t«:ffl^Tm2cr)fe^ 
±fES"f 3 <9X7 * 7*k:*5^T±ie**f 2 £Q*p ^7 AfSS 

[ffi&KlO] ±fa^4<DX7"-yytc43V^TS3t5n 
?t*«E»*n ^7 A*«fig-r «aSt«Cco*n ^7 A© 

50 ci*i#afc-raiS*a9iB*o*n7*7Ai2SS^73 

So 

#® f S 1 0 «BO* a y 7 AfeM5S^?£o 
[19*^ 1 2 ] ±E» 5 cDX-r y ^tt, ±CSB 4 <0X 
7 y ^teft^TS^a tift*«E«*n 9? A©S^)t 

40 S-*Sci:lcj:5ma«»*oy7A*tttti-rsci:*«f 
®f:-rsil*«i 0iE«i0d->ny7ASSS^735*o 
im&m 1 3 ] ±JE* 1<0*bW Af2SK«:i: LT 
«SSSitprt6**n7*7AffiS«S*ffli/\ ±IB^2co 
*ny7 AfE8»{*£ LT— K«WE«W , RriBft*ny 
7 AiSStf^&ffl ir >S c «r1#® t -r S 9 C«o 
*n77AggW£2fi£. 

C^*3S 1 4 ] ±E» 1 >V yjCfe«r->T, ^«7t 

aWli COfflnB3WWBO*H*»c»*SLTWRO"T 
^ n U->X#E5i|a tiT*Sv>f ^ p i: 
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r-£#fg£*!\ ±fB^)^PSk:«^*tifc 1 B 
±!E3t4<DX-r-y7»;:}5tvr> ±S^H5t^HSlc*^ 

® t-r s§s#« i 4 ett<o*B 

[M:&9tl6] ±f2^4©X-ryyjc43^TB^ti 
[000 1] 
[0 0 0 2] 

Co o o 33 c©*D^^^f5g||^7inSk:fei,>Ttt, 
ttos^/^>u (lcd) §<o^ra?^PS* 

ioo*n^iJ:LT, — filcifcn 9^L$iW&mc * 

rjwrit* (t) =?}0' (1— e'a'*) 
<1CT% aBGWQm I 8£IB6W5©tt!i 40 

a, taEs^otbfc^ra, ijoattftHftgMi-? 

COO 1 0] Sfc, *lEiSnft**n^i*||4 

H*«Wiir..d (t) i±, #3* (2) -e-^A&ns. 

C00 1 1 ] 

jjr.id (t) =iji • e'o' 1 * • • • (2) 



<D 1 BS^o^-^^r&tr^o^A^fii-eif^ns 
tt, MX. If, i±«J6*nS5M7'^-bXi)W^i:?nr^Sifc 

CO 0 0 4] */c, C©*O^Afggff£;£i£JC:teV'> 

CO 0 0 5] &±.<D&frc>, *ny^AC^||^7JSC 
COO 0 6] 

est*. g*b» t l < ttR£RioMAic * -a c a b 
ic % fgnmc <fc 5 n?<otmic a d , miff 

Co 00 7] «±oi3fc, *n$^2d3H§H*:£« 

CO 0 0 83 *D??AGflHM^I<:eA2ns«*ci ? 
7ixOffiS^D0*fJ»S»!TJ.rit. (t) 3»B5 (1) 

Co 0 0 93 
• • • (1) 

Coo 1 23 tt±©5£#5, ff^fcit). *Dj^iB 

SSS^J , P. YEHf, . COi:?, 

© 2 fRteSttW-r S C fc3b^9I&nTf>S ("System metr 
ic for holographic memory system". Fai H. Mok, Geo 
ffrey W. Burr and Demetri Psaltis, OpticsLetters, 
21. pp.896. 1996#S8) , 
CO 0 1 33 0dXff, 1 0 0 0tSf<O*D^A*^LV 



5 

SUaT'Cg bfci§^ a 9^ A<D|h1#t 1 fe 
©jfcn^A^iS^bfci^&fcJt^Tl 0- 6 g^»cST* 

[0 0 14] fcLLcQ«fc-?k:. is&tftom&iS.TtZt, ff 

nTU*oTS^^rSgi:«:-S. bfctfoT, nisi 
&rctb\c&, *oy5ASSl«; 

[0 0 15] b;fctfoT\ *a^AlESS£7?ni£fc:*3 
fr-5C 7*— * OCftSa&fftt S C fc *\ C 

[0 0 16] leI*fa^ffiT«r"t?€5fc^aix.T^fifg 

£^SlE@^£v5;£i£#g^*nTV5 ( "Multip 
le multiple-exposure hologram" .Kristina M. Johnso 
n, Mark Armstrong, Lambertus Hesse I ink, and Joseph 
W. Goodman. Appl ied Optics. 24, pp. 4467-4472, 1985 

[0017] ccoftmc-D^T. ycFicmm-rzo s 

AfES&#k:fE®-f S„ 3K»C, IStfmtfccDsfcn^A* 
SI 1 <D* n ^ AfBg&ttKIHS U C *V&» 2 CO* o 

t € t m-<o^mm:m ^xm^mmt a . &L±.<D&m 

*g«c«, (nXm) tfccDjfcn^Atf^fiiBgSnS 

[0 0 18] (KD^a^A^S^titf. (n 
xm) Rco*n^^Sfe-&t>2nTS^5nS« 
T\ (nxm) m<DW&&'Bte-£t>-&Tms$lcmjn-t2> 

[0 0 19] clcOi:#£OillSf«I*^ a#C0U3-x-C 

scwets. Ml co*ay^ AIEM8«tt 

JcmftflD^ay^A^rfS^-rntf, S-*n-?^AcOIII#f 
^til/m^c^S,, bfrU ^2£0*a^A|Eg 
Btflx^OS^ICtt, CWm&CDJfcD^Atfl &<D* 
a^AtbTfESSnScDTN mtStcQ^n^AtQlHj 
SfJft*O^Bl« l/n»i:*S. bfctf^T. mtfcco* 
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6 

^A^S^Lfc^ lft£D*O^ASfc!3<D0$T!ai35 
»±^<D 1 /mtS D , m&ffjH 1 ft^fc 0 <D®m%}& 
l/(raxn ! ) ffc5. (nXm) ftW 

mn^K.%&<o®m%}&ii. 1 / wxnJ) -ess. * 

oT« tUiO^afci^oy^ASrS^-rscfcTN 
[0 0 2 0] bfrbfctfS, CcD^fett, J^LfcJ:^ 

mc&mmz 4vfc* a ^ a*— j§ lts^-t s ^» 

»c, Jfn©*n^AiBS*«mc#*n^A£i2g-r 
a^A^Sfe-&*5^n«:«MT*i5|RFfcB*$n. lft 
T, <LCD7j?£fe}\ JtSb;fcJ;5fc#&&fl§&Wtt;C<0M 

20 [0 0 2 1 ] *-CT% #5gfKitt, IU*f^OffiT*T'€ 
[0 0 2 2] 

pi— (D&myt%m^Tmmvt<D&a7^i±%:ns 1 © 

^i«S^#©i:, ccomiwif^afcfetJ-JgLT 
T. ±fB«Sct5eO*ay7A*'Sfe-&t>5niOcO*D 

g#®i:> Cfl9^2<7D|5S#Sfc,fct)^2£D*;a^7A 
IB»jS«:»c^fiieSS nfc«SctSccO#SISS* o y 7 A 

40 2<Dn£.^&t*ffix.5. 

[0 0 2 3] c<D*a^AfE0iS^gtcJ:tnfs & 
1 ©E^#Sti:»5. «IS«tt0*n^A*^l coiHS 

*«l^T^ 1 cD*n^Aiegtf«WcfegSn5. 
[0 0 2 4] ^lcofeS^SlciDmico^ay^AIS 
S^mc^SIBS^tlfcffl^fttO^a^Ati:. ^1<D 
S£#glc£»3-igbTPI£S*V5. "T^^. ^1C0 

s^#st±. ^ i (omm^mtim i co*n^ Asgji 
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[0 0 2 5] B 1 <Dn&&8B£* D-SLTS^5nfc 
«&tfcO*ny7Afci\ #*n^7i»tflfe&t»?nft 
J/UgfcStiT^S,, ?LT, co«&tS[©*n77Atf 
Ste^fc>£ttl oo*oy7A££tiTftS£«IE&* 

@«#k:Bfil5g£ft5C4:fc:ftSo -Tftfc^ B2 0 
I2^#@«, BlOB£#©fc<fcD-ffiLTS£;**ltf: 

[0 0 2 63 B20lES#g£<fc9B20*ci?7AiE 
•MM*te*«E»S tifc«BaSco*«E»*n ?7 A 
tt, »2©3£#8BcJ:»>»R»li:S£«ft*. -Tftfc 
5, B2 0B£#a«, 0>J*.fci:, BS*tffl£BiBS*0 

77 L.&n&&mTm 2 ©*n r^L&mmtoc&wm 

[0 0 2 7] ft*, *«M»c«**n^/4E«ff*EBs 
B«, B2«0»£#«BcJ:t>B£«ftfc*BE»*ny' 

?ix*»U?«*P77&&ffi#B*ff&«C 

L (/"><, C ©*n 7*7 Attains fcLTtt, B2 

<db <t d ?f £s nfc^ma»* o 7*7 aos^ 
3tt*aMtt&Bin*fliv'>T*©:7— u xi±-p7-f;v? 

Jf>, B2©S£#Bfc*9W£«ftfc*BE»*n7*7- 

[0 0 2 8] 43BHtc£«*D7 > 7.24EBff£tt 

»WH*fflU\ B2<0*O77 24B«iS{*i:l,T, MX. 
If, 7* hjHyv-H©-«f£»fBS3bWI6ft*a^ 

[0 0 2 9] Sfc, 43»lll<:ff &*n7*7-J4E*B£tt 

««, bi £m%£Hs&cagn*s 

yX©BjSB^*»**#vh SmftBII 
§§lc^^nfc l H«*B»©B«K:7>BLTBStfc<Z> 
*P7*9*i:LTBl©EB»«c*Be»U S2<D 

awjaaiateBj^snft 1 MfcMMrc 
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* d 7*7 A%B 5 *7lcLTfeJ:lr\ 
[0 0 3 0] COB*. »2©BS^g«cJ:5B*«n 
ft^BEB*ny^AI4. B*#SfcJ:»? 1® 

5, £B£S*pt7A*Bj£?-SSS8W>*P77A 

[00 3 1] Sfc, *«Mlc«a*n^i»EB»4* 
tttt. iHHI«Kt*ft*fc, 1*0*07*7 A* 

r/fcfc^TBl ©*OT7AlB»8f*fc:£S2B82nrc 
«StStO*n77 A*— *SLTB£f£B2 OXf7 f 

0*07*7 A©B^%«W*7fc£L-C iEHMfEO* 
ay7Ai!f ! lfe^teiniO«D*D^7At*nTft5 

«ttfc«&&£mfESTrSB3©X7<)/y*£, 
7'y7£fct>TB20*07'^AieaB#fc:^Sffia£ 
20 tt7£«a8c©*BI2S*o ^7 AO 5 -&bs<z>bbeb 

[0 0 3 2] co*n?7J4gBB££%k:J:tt& B 
1 OX-r yicfc^T. BSft<D*o i?7 A**B 1 ©E 

*n*n»f*tjiw) A*ra **s* &*ft*>-5 n-aMi 

[0 0 3 3] 1 1 OXf ytfe^TI 1 C^D^A 
C«Bt»lc*BEBSnfcB»Ro*o^^«:, B2 
30 ©7T'y7"li:fe^T- fiUTS4?ti5, fft*>^ B 

ir\fcBJ»7t fcRUAAMTB l 0*amBMiftfc 

BB»te*BE««nfc«BBrt!cO*P A*-»bT 

[00 3 4] g2C7f^7iCfe^T- SLTf?£;*n 
feBStScO^-PT^AH:, §*ny7Atfli^to$n 

40 ^sta-&*3«ni^©*o^7At«nrft*^fiiBS 

*n^ 7 i.tt, ?l30Xf-^IC^TS2 0*Dy7 
AfBSB^tSMgatiSCttftSo r**>*, B 
3fl^»/eii, Bl©?S3=#S:fc:J:*J-igLTS£ 

2 o#Dy 7 AGMK»icjineir«. ^lt, B3 

OXf^yt-li Bft«#B7fc*B^T^BffiS*ay 

[0 0 3 5] B3 0X7-yy'lC:tet,->TB2©*077A 
jo iB8Bf*K£SfEBSnfcBB8t©£miES*P7*7A 
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* a 9=r A §&mv% 2 <D * n y 7 AKgggtttc £ 

So 

[0 0 3 6] &*5. *^fc^5*n^A|5SlB^ 

A%»tfj-r sm soxf^ x^ns <i 4: a^s* l 

it. m2<Dn3L^Wte£!)W3ii£titc&ngBM&o9? 
[0 0 3 7] Sfc, ^SItfiS5*oy7i»i3l»^ 

h y ^sfcttiix. niig^^D ^ aie 

m2©*n^AI2gW£#tL.T. «* 

AfES##£JB^*c£**SSLV\, 
[0 0 3 8] $fc, *^t«5 *a 

%&.<0&B9 : 7Kt \^xm 1 <0feS$EttK^SIB^U 

i4^f-^t*i<>t, ^myt^mm^^-^titz 1 

ffi®#7>SJSnfc«&*W3*o ^7 Atf fife-&fc>;**lT 
&S£fifES*o 9=y AfcS^TS * 7 fc LT <t^o 
[0 0 3 9] C<0#3\ JMCX-ry^lc^Tfffc* 
tVfc^SfESsfcn^AW:, 0»J*.«» lMfcLT«/7 

a ^7 Afcflt/jfc-r S«S#J<9*n**7 A© 7 ^mg©* 

[00 4 0] 

[004 1] #fg9§*5SJBLfc*ny^AiB»3£gM 
0— «lfiK09%0 1 K^-T. c©0 1 Ic^-f *n^-7AiE 
gS^SH 1 tt, =J It-l'VXOWr-* 

frJttssi-rs3y^-?L'vX3fc, coay^-* 
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JO 

mtzTcibcom 1 <ot£-A*xy y * 4 ^«<EB$nT 

$tJ90aSft»fttf3<li:fC*»3, COU— •fJEOTtlS* 
5}ifr£"3~So 

[004 2] ^l*De-AXyy<y?4fc*DSI*S 

[00 4 3] C«Il <0l£— A7*7l/^*6te*t)J£ff 
7 fc^l <0*o^ACSSK^8 fctfEfSStlTVSo 

^«S7fcsse-rsfc«>oi^>X9, 1 o^wnt 

<,">S 0 ft*, @ 1 fc^-r^JtcfeV-'T^ £11 cDfcf— A-x 

FtU ^lflDlf-A-r7L'^^7%l^vX9©^® 
±fCE^L, SIB3^1SS7*V'>Xl 0<QMj!m±\c 
30 mWiL, U^X9tUl/Xi 0OMR«i2 F k*S<t7 
(cbT^So 

[0044] CCT\ ^2 p ^VS?cc'VVAJfc;l''y<E>H& 

A®<llRl^«r7C€< LiTitS^ tf-Ag*tS^L 
KfiMt^lB 1 O tf-Ax^ l^i' ^ 7 T*<0tBftf?t^oail* 

[0045] s^3^iii§7{i. mtfaHisattA* 
40 (lcd) ^j;i3*t3. w&mmz&Kitm®* 
^astc^-rs. fur, ^s?tspS7t±. ^i© 

e-A-rT7 ^ 6 *»6ffl|*Stlft U— »f)t%CO^ 
[0 0 4 6] C<D*ny-7Af2S»£gBl tC^T 

t±, tt±<o«fc7t, sn^e-A^xyy^MfcfctiE 

It^n, m 1 fOlf-A^ * 6 £ »3{SlS]$nfcS 
50 [0 0 4 7] 2n%M87£»10*oy?AGS4K 
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# 8 tomtit. ^frot^ns 7 <om^\cm^.t£ixk. 

oi/vxi ltfrassn-cvs. kik^-takc 
^v>ra, uvxi i <DmMm&* f £ u &myt&m 

g§ 7 fclg 1 <D*D y^AfSg&tt 8 t ttZn^tllsl/X 
1 l©ft£®±k:E^-rs<fc?fc:LT^So CCX\ m 

[0 0 4 8] Ml ce-^W 3»6»CJ:l3{liei?n 

Xl l*a»'rsc&lc£97— yx&AStu *<Q7 
- y x®Sfi#»cE^;*nfcJg 1 ©*n y^A|BS««c 8 
miOt£-2»7^U**6££«fli4AI<:jSi;*:A 

COO 4 9] —73. ill ©e— L>X7V >y*4«:jgjlL 

jfcBS*tt9oaaff5e*f*«fDis.C5 9-i cc 
nfc u— if 7fc©7fc&*#te-f sf=«><E>i! 2 <*> tr- ax7 

fctflHsgSftTl^S. I2 0lf-A^'j -y 
*1 314, 0<J*«\ *ft)jgL5^-l 2fc«fctJK*h*ft 

T^©7^*mt£^9 0^9 ffltf 3 c 

[0 0 5 0] g2<0^-A^';-y?l 3lc£»?£*h* 
ft, 3tK^ST»3ttlf€.nfeL— IfftOftS&iKfciu C<0 
U— f %n O N / O F F ©93 0 &*;&?t 3 M! 2 © 2/ +• <y 

*i 4ft«usnn^. gi2©tr-.kx:xy >y 

* 1 3£3j&L;fcU— lf>t©)feBS±tca, ecu— !f)fe 
COON/OF F©9Jt>&*;&fT -5^3 <D->*-y# 1 5tf 

Eiasft-cvs. 

[00 5 1] ^-LT, C<J9*D^.Li2gSS£gfil k: 
fc^Tfei. ^2CD2/-v-y^l 4 tfPwM^ftfci^lc, M 
2©l£-AXXy>y*l 3 tc£ DEttSft, )fcf&#£Tt> 

[0 0 5 2] LfctfoT, <r£>*n**7LJE®S£SB 
1 Si >y * 5 RJ/1 2 y* 1 4 *ffi&L 

U !3©->t'^l 5^KCfc«.«-e)t!lg2^c ) U- 

m©e-A^:7W*6ic<fcS(ifrfck:jE;i;;fc 

m^^A«ft-e^l©3ha^AfB^«:8tcA*f 
^lO^Dy^AIS^^S^T^ 
SKl7^:PS7»c^^tifciS^*n^Ai: 
LTSt 1 <D*n Af2g«# 8 tS^-r S C £ 
So 

[0053] *Kmc&%*u?^i A mmn3iimmi 

it, CLboeKH^ Si coe-i > 7 ? 7U^^6k: < i: 
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SdlfOft 5 C £ K. «fc t) ^ftglSli 7 £2iig Lf= 

fettftOSfr 1 <D * P * 9 AGgSitt 8 ^ASft^fi 
W--®IWH3fe*HV->Ta.»>iSWT»r\ Ml©* 

S c fcTR c:oESjiS«rSl«X-r'y^tv5. 
[00 5 4] *P7 , 7i»ESS4ii 1 Ml <9*n 
^ASg£{*8lc£ffiiEiiSft*:# M-s^j 

JO So 

[op5 5] ^^3, mm<Dmg.<vrctt)ic, &cf<dwiwic 

IS^Tlt, Sl©*n^AfEg&#8fciEg;£ftSl 

^tc^fiiagsns one*, tjensis® r^-^j 
-ji:i¥^ctk:-rSo 

[0 0 5 6] Si O^f y^fc^Tgl 0*Dy7i» 
20 fc<t-5fi:. fsl— <0#Sa7te«rffll/-'TieS5nTt>So Lit 

T^l^*a^AS^j«f*:8»cA«$-&5i:, SlO 
* n ^ AfB^«^ 8 ICE^ 2 tifc ^ ^ -J <D£T 
©r-<-^j%-fi§LTS^-rse:i:6^#So WT. c 

[0 0 5 7] |g2<aX7"'y7»cfel^T3££n;fc3£7t 
«?tK±fi:a> <lco||*Jfe^7-yx^-rsfcii>coL' 
VXl 6, 1 7t, COl/>Xl 6, 1 7*m&hrcn 
30 £.fttm#ft£ LTAaffSSg 2 cO*n^AIEgifi{f* 

i 8*^ig^tiTi/-'So *^3x m ucjji-rmicis^T 
it, i/>xi 6, 1 7 o^Kss^t f i: u m 1 O 

*P^i»IBS««^8^U>Xl 6<D£?j£ffi±lcteB 
L, m2©^n^AIESj®«:l 8tfU>Xl 7«^ 
S±KteB UVX 1 6 £ UZ/X 1 7 i:<DMRi^ 2 f 

Mi* 1 8 t±, ^-©tf^ffiBcaiPi: LTl^S. 
[0 0 5 8] ^2<OX-r-y^'fc:^3l/-'T. Sl«*o^7 
LaHtS5Sf*8A^»^nfc:^T<Dr^-^J. 
40 if-*-?*- l*lyl/X\ 6t*y— yx£gwn«\ 
Xi ew^ffi-e^ss^ffitc r^^y^-j 

-j commit. m-yf-i*m$.-rz±r<DT^- 

[0 0 5 9] *^t^S*D^AEgS^B 1 
50 *i7-c®£iKl#)fc£LT, ^-<D7-yxSjgfi5u:E^:5n 



-7- 
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[0 0 6 0]-*. ±ftL1tm2(D\£-2*7>7V 1 
tDfisfcft "MWo LTj&&Xt±£*f S settle© 

(r7*hy7^^T"W^iSS3^J. P. Yeh, A## 
< , #S9ft t ^#ft<0f^5¥®fcMia*^t t u- 

wmz.ma%L?imc*/7 vtztcib, c c Di&iz<o&yt 

[006 1] *51Wfc'&3*n^I>IE^*S£i£§ 1 

fe^ta, i2©tr-A^y-^i 3*2Bau 3f2 

Olf-LT?^? 1 9»C<fc!?&?T;frfa#fW®2nfcl' 
[0 0 6 2] Lft^T, CO*a^i»gB®S^B 

*i 4, 1 ssmku ft»2 3&»6u— 

Cfclctt). Sgl©*o^£>f3g$Mfc8»c£fiiES£ 

7i»iegsfg#i sic/x^s-a-st^c ^2©tr-ivX 

7V y ? 1 3 Lfc U— IfftfcSH 2 (O M- 1*^x7 \s 
it* 1 9fc<fcD<SlRlU C^frfctJfcCfcAtifft - ?^ 
2 <Q*n ?7 AlBgS&f* 1 8 fc#j88ti: ITA«S^ 
Ctl.e.«»ft=g:^2C»iMo^L > IBS!«ft:l 8*T=R!fr* 

LTSg2©*n^AiBgagf£l 8tfEg-r5Ct^-e 
[0 0 6 3] *^W»C^5*n^i»Egg^« 1 
T <0 r^- #»ta-&*? 2nt45 ^SfES* n^7i» 



(8) 4tS 2000-2421 56 

74 

* 1 tto*a ?7 LT^2 ©*D^7A|5gjS^ 1 
8tfBSbfce». Sfi. JgKDX-r-yTHcBloT. fgl 
£D*n^AffiS<fi«:8tgrfc«: M-SJj ;&^Bf5§ 
U lgl<5D*ay^Affig^8k:gffeft 
—J ^HI/STS, COt?, !ftl«*o^A!Eg«f* 

v L^&mw 8 iccss nfc * v« y * — j <o^t© 

JO [ 0 0 6 4 ] m 1 <D*n 8 'vgrfc:* 

-j <DW§imzm*yttLxnvm2<D&v-!?^L.mm 

1 9tcJ:5ill6i^*^SCfcfcJ:D#B8ft<0S2 

-j tea^tBS*:?.-*, Srfcfc o+y*— j 

©^ny^^iB^^l 8tfES-r5o c<D^m%*m. 
OMLT> Sl2tf>IElH«#l 81C ffitSt^ r^-vX* 

[0 0 6 5] *n jr?&fBfltlf£ttl l ^2co*a 

[0 0 6 6] *43, S4M©flffl©/£»lC. «T«^»C 

fcsr^y*— j*. I20*ny7^j8fti 8k: 
[0 0 6 7] ^3<07.x-yy{cfet,^-r^2CD^ay7/A 

E^^i 8t«Sc<o r?^:/*-j *^fifag?nr 

SlCl±, miO->-W^5SCfm2CD$/^>y^ 1 4£K 
^3©>-^>y^i 5*gaS(L^«S87?ftjli2^e ( U 
-1fft*tH»5-*> l2(0e-Ar7Wi'l 9»cJ:S 

40 it>u^LMiMmW \ 8lcAaf£-etUf«kt^. OT, C 
OS^gS:^ 4 WX-r -y ^t 0> -5 „ 

[0068] m4<D7.7-yy\c^xw^tirzn^ 

VX2 0 , 2 1 tfffi^£nTV5o @ 1 fc^-rMfc43l/"> 
Tti, UVX2 0, 2 1 co^mJ®**^ f £ U ^2 
(0*a^i*feS«i*l 8^UVX*2 0£0^ffi±tCffi 
BL. U>X2 0 t 1 tcOHRS*^ f 

[0 0 6 9] 3Z4<QXJ-y7\ct3^T. I2C*n^7 
50 i»ISS5«fr 1 8*^S#?Wk:S^nfcr^^^-j«: 
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\sl/X2 0t*7-'Jl^g5tntf, U>X2 0©«U5S 
S^ns. LfrU Jb^Lfcfc-Sfc:. C ©Soffit 

S^n^c r*-*:/*-j ©s£&« x r^*x*-j;& 

[0 0 7 0] *%Wk:^5*a^X.fEgS^ 
iliB, c©S£&Mk:ff££n;fc r*+7*-j © 

£-T3o CCT, U>X2 1(DMIT'$SStiffi 

it, sra^pfg7co7-i;xs^s{c*^T(/-'5o b 

ti C ©If£g®lc:i5t,vcg& 5j^tm^5 tl5 C i: 
«. Sf*«Ilct±> £H%KHIi7tt, -«WlCs &Big 
OJ^K* < 3©gBBP-e*Sfc<0^f6H-eftSfti6, C©H 

[007 1] *5IMk:fi55*o^i»ass^!l l 
It, COIO/X2 l©*U£ffi , T**l|£«ffilc % 

#S2 2£IBi9:U c©*n^i > ttai#®2 2»c*t) 

r^-i/j %ftWrs.t'5»cLTl-'S, J6CK c©mM 

[0 0 7 2] $5©Xf'y7'lt^TfflW*ni?7i, 
tttfl#g2 2i:LT«. BBP«««Rr»07'y<— 

r^-yj(Dj«^»t«BlPa%^LT»l£«« 

>X2 3-es{i7-yigMt5ctt% tor-*— s?j 

[0 0 7 3] ^-LT. C©U>X2 3©&ffi!H£l£ffiK:, 

ccDf«f'ff^^-7W2 4*E8-r*uf, *n 

[0074] CCX\ MafiH&PimiZT'l- 1 ?* tLT 

it, mz.ii, m2^-t^o^m^~> j i'y^—7iy^ 3 

-Y3013\ 7-f;l/*ffik:?RB-feA'3 1 C7Kj!|'543 
jffiS-b;U3it±s xwxXWffl/^i/HKi&Bsns 



(9) WSa 2000-2421 56 

-y*-7W 3 0«, cn^^*3 1 k: 
S-byl/3 i©ggp«, #S©r^-yj©0#T)fe©*^ 

So 

[0 0 7 5] CO$iS'+^-7W30»t, 

mg©r^-^jk:^Lfc^#©?&li-t:;i/3 i©jgasfs 

io ©#*««>, flfi©gp»©?am-b^3i©ffia**ffi< , r 

fcff&4>iKA-b;l'3 1 4>Hn&£*rLTSI£e4S£ft 
-7W 3 0£«J5gfS#i£S-fe;l/3 1 ©ftfflgiS««t 

[0 0 7 6] Sfc, llflPSWW&T'^-^-^LT 

±SL;fc?£&->-vy*-7W3 0©<fc5lc«»i$ 
fcHP»*«fc5*Sfc©<0ffi»c, Wttf. «W9fcBi 

[0 0 7 7] ^©^yXlc^TJE^Sjfcn 

^^i»ata#e 2 2 £ lt«> 0 4 ic^-r * 3 

fc, HS2nfcHaa«&#"r*7/<— 4 0 t#;WS 

30 4 1 £*e»^b#fcfc«)tf#X.&nS. c©J§£\ is 
4©X7 L -yXlC43V^TS**tl/£S3fe7te©7feK±fc > 1/ 

>X2 o »c^at. cos^jt* wjtteaai-r* u> 

X4 2£Egrr3 0 *LT, UVX4 2 tcJ: DTfr^K: 

aasn^n^t©3fe8S±»cKr-i»isisi^S4 i*mm 

r*. C©e-i 3> {MlRl*g4 ltiD, WHfifcBR 
$tifc^>'X2 i ©^i®T*r^^X^-i»cS-rs^T 

LT> rft^-jtltS^TOW-fjOlfflf/O 
->^^S^tlSU>X2 1 ©Affile, 7/Vft4 
40 0*'ffiS:2tl5o 

[0 0 7 8] ^-y 4 OiCit, r^-YZf^—l±Ui(D 

®$f'**—WPfr*>-B£l-Zti1t 1 *SC©r^-v7j©|ei^f 

jtt©#*38iS-rsBHpa54 3*, «jttf*«D«t»4j»te» 
nfc r^-s^j jm^© r^-s/j ©ssf3tet±^r3fi»fr 
«tH¥g2 2tt, tr- Aii^e 4 ltciOM^nfc 

r*^ X*-j £#©lni^*->©*fr &ffig©r^- 
> ; J©fiK^^t*7'/^-f L ^ 4 0©P^Pgi54 3«r/TLT 

so aas-a-scifcit), r^*x*-i©4>fr£ffig© 



» » 
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[0 0 7 9] *a^A«a#©2 2»i. T^-^ 

X#-j ofjb^MSffl r^-^j o**am-rsci: 

[0 0 8 0] #«!Hfc«S*n^Zdea?f£»« 1 O 
20«7* 1 5f-ffW-7W2 4$T'<E>gB# 
*05lCjfc*:LT^-ro 05* (a) ~ (g) <D 

#ffi»c*p*u— *fft©3ii«#:ft*06 (a) ~06 
(g) tefiKWfc^. 

[008 1] CKDjfcnd^AIEgS^B 1 »C43^T. 
^7^ilS7*Siia-r5 U— B5+(a)I 
T?06 (a) ©.fc?*^* — Vfc45„ Sfcu ^KD* 
o^AfgS^81cAl*LfdKjfltf«±> 05* (b) 
ST06 (b) ©.fc?*^*— Sfc, UVX 

1 6*5&SLfcS£>fc dWfct) li, 0 5* (c) IT- 
06 (c) ©<fc5fc:^£ — ^t*5o £fc ^2<Q*n 
^LSiilftl 8fcA»Lfc»*ftl±. 05* (d) 
ST-06 (d) ^t&Z, Stc, UZ/X 

2 0£jgjgL*:g£?t«, 05* (e) ffiT-06 (e) 
flDi^^^^-Vi:*:^. &tc, lOOC2l£3g3@Lfc 
g£ftfci, 05* (f) ST-06 (f) ©J;?^*- 

Sfc. fYtW-TW 2 4tcA*fbfcH 
05* (g) ®T-06 (g) ©£7*^*-;/ 

[0 08 2] r^x*-j «r«fiK-TS#r^ 

-s?j©*»3t Glassy© «\ gfcsAtwsoft 

ITPSSfefe. ?©7-yxIt*5 (b) (d) 

s, (f) ffir-tt, SKagic^ss?nrciiiSf^^-v^ 
^■r„ mi ^u^^L.mum.ws\mm-&ntz 

O-fT^-j ©S^ST'^S (c) ffi&tfg|2©* 
ny?AOBI*l 8lcfSg5nfc: r^-vX^-j ©3 
£#®T*&£ (f) ®T-i±. r^^^-jicjs-rs^T 

#?IWlc&5*a^A!aS?f£gBl »cfei/->T{±, £ 
<o tf-^-fH— j <oS^#©**-'^MS©r^— 
tf*ny^2>ffltB^g:2 2ic<ttiawsn, r^- 

T% (g) ffi-C«C<Dg#?S*lfcl8W) r^-^j (D* 

[0 0 8 3] LfctfoT, #fgU!fc:«5*n^24BS 
H£&B l tc&^-Oi, l <0*o?7.kfa8&#8 tt 
rtV7T-* ; £i) — k.L,T'(m?k—nWz-, S2C*D 

r«^-S?J fclHSU <m*M2©*a^AlCnlHl3 
r^X*-.!*! rx-j/^jfc-TSB^ 1 f7>y*H* (n 
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x m ) K-yjft^MJns, c©£€, i r^-^j 
Sfc?)©lHlSf«l*«, l/(n'xm) fflS<0 

^O0#f«J^t±> 1/ (n^Xra!) T?*S*»e, 

[0 0 8 4] 0>J*tf, 1 0 0 0t$C£>*n^ 

fclf£\ 1 ft®3fcnyvA<D08f2&sm 1 o-'fcfcS© 
1c*fLT, ^MWlc^S^a^^ffiSS^Bl ^.J: 
10 0K->'j, lOTft^-jiLTlOOO 
«t<0*a^A«SSS*bfc«^-. lft<D*D^A 
OH*fa*a 1 O-'b&Z. Lfc^oT. 
*ny9i»OWf4«« 1 *m^T&L±(D& 5tl00 
0tSjcD*n^5A^rlBSS^-rS<ltU:<t»)s 1 ft©* 

[0085] (v-f^n W*fflV»fcffiD 3fc 

^□^Ais^s^atovTSiwrso &*5, jut 
ommicis^T. j^Lfc^n^juiass^SBi £ 

[0 0 8 6] *n^AfegSS£gBfcV^*nU:/X 

fcw-sxdw b£#i8h*-a\ ^)t^iaS7»i:a^5n 

[00 8 7] COgiJOi^tC-T't'^Dl^vXTU'l'^ffl 
l/^dS-^a. ±3^ Lfc^n^^AfB^II^B 1 Oil 
tf£IHMaEIHI 7 ©=&H^«k:5gffl$n5 c i: tc*S„ 

vy%TY irp 1/>X7 WCtilcfev^. #iS^# 

40 [0 0 8 8] ?'Ci'Dl'yX7W%iV^*ny7i» 
ESII^SBO-«fiK0!I*07k:^-r o cct?B« »l 

**0^bTSiwra. 

[0 0 8 9] c ©0 7 tc^-T* a ^AfBgm^B 5 

u^-^-uvxafc^ovff^^^n/c:^ ^1 

<0lf-AXXU-y^4tc<ttJ^?tK^»iiS5nSo * 
LTx CtD07»il^-rMlJ:43V>Ttt, ^lOlf-A^T' 

50 1 2lcj:!)£*n*ftT, #»8?iei:bT^l<0*n^7i» 
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[0 0 9 0] mi ©£— i>X^'J 4*S^Lfc:W 

[009 1] C<0*ny^.kiEgS£SB 5 0 lcfel/>T , 
^fgftgfiil 7 <Otfi*fffi!llc^* n UvX7 W 5 ' 

jSLTC©£W3fc£il3g 7 te*KS*ifcB*teiSi;T* 

■v^nUo/XxU^vhaiXjKy h*, UvXl 1 k: 20 

Mitt 8 CtlKAt), T^^DUvXx 

U*2/hte*&ai*S*i;fc1»Btti:* 3T^«A^^T-m 
1 ©*n ^9 Afig&tt 8 IC AWTSiWBjfct Sg 1 

£ hxm 1 <0*n 4/7 AfEM&te 8 icfi^-TS c t T? 

[0092] *a ^2*fig|?£SB 5 0 14. JW±<Dffi 
SSaS*. Mil Og— i»7^ls**6k:£Saffilft££ JO 
* 5 c fc ic J; 0 £F.Sft^P§g 7 1c A*f T S U— *f ft© A 

fc\ Sfll<D*n^£.fiM«#81cia§g[ M-S?j 
SfiSTSo 

[0 0 9 3] COT^i' 0 1/>X7 W 5 1 %Ilr^c* 
n L.mmn£.mW 5 0^ ±3£ L It * n ifB^ 

n AfigS&# 8 Icfi® £ ftfc*n ^7L.<0S4Jt«; 
X7W5 1 <O^S«3D#TS5. LfctfoT, 

r^-^j^fig-rsfgic^^ugg 7 ica**;* -a-s u 

— Wtoft«lllffll*-H!tt:*<fcfttf, 087bM0lO 

[0 0 9 4] {HU MT-f^nl/yXTWSl^l 
fr-»fc*a??&Eft?f£ttB 5 0 tc * Dfl 1 flD*a4/9 

Afigj^f* 8 icmmitirc^a^^n^t^mzfy 
-V3:&mi,Tmz>t\rcW£.mi, mi uctutz? so 
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mw^-isivwmitmm&Hcftifi-rzctictez. l 

a^i»ffiSS4SHi £|hI8Uc. flo*n^LE 
g&#8fcfig£*ifc r^^X*-j 
£U a- Hfl7f L<«V7 X7tf Mi ^ffi 
3*fr3 c 4:»c«fc 9. c<o{g;&7t<s>r^-s?jlcM-<§*. 

[0 0 9 5] £fz. 3»1c. ®KW»cmSOff5fe«*^5 
tiSJ:31c. fii^lcfigf Sx-^SrMllL-Cfc'C «fc 
•5fcLTfc<fc(,\, c©J:5lcfi3§i$lcmM<Qli3=&ff# 
£n3<k?1cfigx-*;H&JlLT45ttfi\ 

^^mm^mrn 5 o^it^it lta^sc t 

1M?7-3 60 4 0ICTeii£%2nS8*S 
BW\ ^TOB^Isi^lc^-e^^v^felc, ^RSft 

frl/fttfe, c<3D*n4/^AfiSS*«B5 0«. 

[0 0 9 6]^?1C N C©7>f^Dl/yX7W5 1i&ffi 

AfiS««:8fcfiSStifc*P^7i»«. r^-i?jSt 

OD * a 9^ J4EMU ^SB 5 0 oaaillttXMg 7^5^ 

TW2 4$T?0«»*B1 2lC0^-T5o 
C <D*P y^AfiSff ^B 5 0 It. ±m 
AESS^BB 1 Kft^rffll>6nT^ftU>X2 1 1c 
SitW?PUyX7W 5 Zffm&ZtU Sfcs * 
D^ 7 AiHJ¥g2 2 fcLT, £gflc??tt7-f 5 3 

[0 0 9 7] ±3&Lfc:<fc'51c % CC^n^ilEiSt 
SB5 01C^^T«, SS^ISS7*®ML> ■v-i'i' 
a UVX7 W 5 11C.J: *)&fflftmm& 7 «=&BB^Stc 

^Afig!«f*8icfi^5n5, ^-ur. SF47feaiaii 

^7t^rfflt>TiX±^fiSjlg*^03gLff fetlS C 1 1c 
<fcO , ^l<0*ay7Affig^8tc«^ r^-i/j 

*^«fis^ns, 

[0 0 9 8] C©^10*a^AfiS«»8tc, fig 

SCtte<l;0. mi©*a^7Afig^8lc^afi» 

gUTS^tlS. fit, COS^)t*^vXl 6& 
tfU>Xl 7«:Sj§Lfc:mii:, LT^2CD*n 
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[0 0 9 9] C04trf*K£«!R%fc«ft2<D*ci??i» 

?i*wmm#i sic r^^y^-j i^fffigsna. 

[oioo] ^2flD*a^AES5Kf*^e.ma^ » 

Jg2©*ny^Ai2S$Sfl:i 8*>5BfS©rf+y 
fc J; t» V - V) xgg|-rn(f , COI/VX2 0 (OM^MK 

[010 1]*nmS^l50li, <1<01^>X2 
-Y 5 2 <fc t> , <l «S £gS<D&X# -y h * r^-v^j Sic 

uvxr w 5 2 &u-vxx w< > h &&mimm 

g7©ljS^;:i«it?Wii5-rs<fc^k:iBH?ns, L 

^n€nS*Sit?T^[Rl«r^ C £ ICS: 5. 
[0 10 2] *ay^i,EgS^«5 Ott, 

<«3&®;7f (ftS«Sc#t£7-f 5 3) #Ef9:£ 

tlT^So *LT. *D^Z*fESI?3£3iB5 0&, «■ 

[0 10 3] C©^fift#tt7-fW5 3fC«fc»?am$ 
<0— O(0 r-s-i/j (Dl8.ftti\ bvX2 3%S31-r5c 

W24ti5, Sg«c#1£:7^;l/*5 3fccfcDaai$ 

[0 10 4] *a^z.aass^^5 o«, «±©s 

SCfctc.};^ ^L<«ftgflc#tt7-f;l/*5 3<Z>S3? 
fp(omm<D r^-s/j ^>«? ltir •? ffi-T c i: 
[0 10 5] clCTs C<0£gflc#tt:7^;l>* 5 3i:L 



(12) &M2 0 0 0-2 4 2 1 5 6 

[0 10 6] (*-<9flfi<Di3gM> &*5, x^bfc^n^ 

^^mmmmw 1 ^ ^o^aisss^bs o 

10 <pTH\ ^l©*a^A|BS!«(4:8i:^2 0*py7 
2>iEgi«#l 8cQ2D<z>*oy^I k f2gJ«{fc£:J§<r> 3<fc 
SfcLTWctf, *%BJ!tc«52fcny^A|5Sf?£SB 

*n ^^IBSS^eti, )t 1 ©*a AE»Mt» 
8««affiM51JtC^BLfc:&§-fC(±. GWgjftOAJ:* 

20 [0107] ±3Lfc*ay7AiegS£gB 1 
Jf>*D^ i4g@JB£gB5 0 JC43^Tt±s SI 1 ©*d 
^^X,iES^8'xcD*D^Afeg^k:, #gg7fc£L 

ny-7AIHgff£gBfei\ LXr^JlcPBSSnSfc©-? 

tiznmKz&myee^mi,. cosset: ncftfc'R 

#fflLft£ LT^TISI^lcm l ©*;a^AfBS«fr8 

©*nmi 8»c^tes-rs<ii:^-e€5o 

[0 10 8] *rc. mi«*ay^i i f5S«f*8i:^2 
©*;n LMZmmft 1 8 ttH-©«S-e« S<£fSt±* 

«ittf. mi©*ny^2»fB8&f*8St<tiSr 
2<D*oy7i>ES««;l8tLT, Pr:LiNbO 
3, P r : L i T a O 3 «4) -&«Eg*Wtg**f 

fct>nTH6TfeS (USP 5665493 Bai et al. Y.S. Bai an 
d R. Kachru. Phys. Rev. Lett. 78, 2944. 1997#H) . $ 
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CO 1 0 9] ftic, *nir7Affig«{t:i:LT7* h4? 

iEflawfroj&K*^ x*jg#Kf sc ware* 
-Lf7 if© tr-i»<B^s*fflv>-r £ 

x-f ^.^©grttefct pT Cft£ftfl|-fS c J:tfTf5, 

co i i o] @i 3 \cijkT*ui7 7i±mmw£.&m 6o 
7* Yvy^^^r^zmra^m^x^o ?tt, c<d 

8 left m&m-Vfr n ^7 Afc^fisESSf 5 i9t 
LT^5„ UK, C©*n^AfE^S£^B6 0«, 
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